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THE TENSILE STR»NGTH OF THE COPPER -ZINC 

*rALLOYS‘ 


BY J. M. LOHR 

The following investigation was undertaken for the 
purpose of establishing the relationship between the consti- 
tution of the copper-zinc alloys and their tensile strengths. 
For a long time such a series of data has been badly needed. 
Although brass has been used commercially for many years, 
it was only eight years ago that the equilibrium diagram was 
worked out, and it is not strange tliat, prior to that time, 
investigatfins on the various , physical properties were made 
largely without any scientific basis as a guide for the work 
and for the interpretation of the results. 

As early as 1842, Mallet* reported upon the specific 
gravities, color and character of fracture, tensile strengths, 
order of ductility, order of malleability, order of hardness 
and order of fusibility of the brasses. He used twenty-three 
pieces to cover the whole series, while only eleven of these 
covered the useful alloys. These alloys contained from about 
47 to 100 percent copper, which are the percentages used in 
this work. 

However, tip most comprehensive- work on this subject 
was that of the United ^t^tes'' Board for Testing Materials, 
conduct!^ by the Committee on Alloys under the chairman- 
ship erf Dr. 1 R..'H. Thurston.*', This work was very extensive, 
and hence no part of it could'ljo studied in detail. Forty-two 
pieces were used in the series tfSsts, twenty-three of which 
cover the useful part of the se^s. 

More recently, important resewu^hes have been made on 
the effects of heat treatipent;. the principal ones of which 


^ A paper read before the Eighth Ititemational Congress of Applied 
Chemistry in New York, September, 1912. 

^ Phil. Mag., [3] aXf 66 (1842). 

** Thurston : Materials of Engineering, Part 3 
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are by Cliarpy,* Girard,* Cubillo,* and Bengough and Hudson.* 
In most cases, these have been intensi^ studies of ahoys with 
definite compositions, rather than upofi a series^ of different 
compositions. 

The Equillbriam Diagram 

In Fig. I, the equilibrium diagram for the copper-zinc 
series is shown, as worked out by Shepherd, ® and recently 
very slightly modified by Carpenter and Edwards.* The 
coordinates are temperatures and percentage composition. 
The various lines on the diagram show where certain chemical 
or physical changes take place. The upper heavy lines, or 





liquidus, represent the temperatures above which the alloys 
are completely melted. The dotted lines or solidus, just below, ^ 

^ Bulletin de la Socidte d’Encourag^ent de T^tude des Alliages, page r. 

^ Revue de Metallurgie, 1909, M^oires, page 1069. 

® Proc. Insl. Mech. Eng., 791 (1905). 

Jour. Soc. Chem. Ind., 27, 43, 654 (1908); Engineering, 90, 447 (1910). 

^ Jour. Phys. Chem., 8, 421 (1904). 

^Engineering, 91, 200 (1911); 91, 431 (1912); Jour. Inst. Metals, 7, 70 

(1912). 
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show thfe limits below which the alloys are completely solid. 
Between these lines crystals and melt co-exist. 

In the diagram, the field marked a shows the concentra- 
tion and temperatures over which pure crystals are stable under 
equilibrium conditions. These crystals are composed of a 
solid solution of zinc in copper, and show the same fern leaf- 
like structure throughout. Likewise, f), y, S, s, and t/ show 
definite crystal forms in their respective fields as indicated. 
Also, as we pass from a to we find a field fc,, b^, b^, which.is 

not composed of pure a or pure ^ crystals, but is a mixture 
of these two, which is richer in a crystals on the side bordering 
on pure a, and richer in ^ as we approach the field of pure 
Similarly we find fields composed of a + /, + y, y + s, 

^ s and e + 

Let us now trace the chemical changes which occur in 
the cooling of an alloy of a given composition. An alloy 
of, for example, 55 percent copper, is in the molten condition 
somewhere above 880°, the temperature at which it begins to 
solidify. Between this temperature and that represented by 
the dotted line, which is about 860°, /? crystals begin to separate 
from the mother liquor. These continue to separate as the 
temperature drops. When the dotted line, or solidus, is 
reached the melt freezes completely, and the mass is composed 
of pure /3 c^stals. As the mass continues to cool, ft crystals 
begin to break down into a crystals. This change begins 
at about 600°. As the cooling progresses, more and more 
(8 crystals break down into u crystals. Thus we have a mix- 
ture of a + /? crystals, until we reach a temperature of 470°, 
at which point the /? crystals break down into y crystals. 
Below this temperature we find a mixture of a -hr crystals. 
This condition results from very slow cooling. If, however, 
we take the same 55 percent alloy, cool slowly, and then heat 
it to some high temperature, somewhere below the initial 
freezing point, for example 800®, and hold it there until 
equilibrium conditions are attained, it will be composed of 
pure p crystals. If quenched quickly in water from this 
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temperature, the /? crystals do not have time to change over 
into a crystals, and at ordinary tempwatures the alloy retains 
the same crystalline structure which it had at 800®. One 
could, therefore, determine the strength of a pure ^ alloy by 
annealing a 55 percent alloy at 800°, or any other tempera- 
ture falling within the field, until equilibrium is reached, 
and then quench it rapidly; or, what is equivalent, if we quench 
the bar immediately after casting, we attain practically the 
same results. 

As the alloys containing less than 50 percent copper are 
extremely brittle, and not used very extensively in technical 
wcffk, this report covers only the a, a + and a very small 
portion of the ^ + r fields, a + r does not enter into it as 
all quenching was done considerably above 470° — the upper 
limit of this field. 

Materials and Apparatus 

The crucibles used in this work were made from cylinders 
of Acheson graphite. Three sizes, measuring respectively, 
4, 6, and 8 inches in diameter and 6, 8, and 10 inches in height 
(outside dimensions), were employed. The smallest crucible 
contained the melt and was placed inside the one of medium 
size; the reason for this will be given later. These crucibles 
were turned from the cylinders by placing them in a lathe 
and using ordinary machine tools. It must be noted, however, 
in passing, that graphite dulls the edges of tools very quickly, 
making it almost impossible to keep tools sharp. But this is 
not a serious handicap as the material cuts easily. These 
graphite crucibles were entirely satisfactory in every respect 
except durability. It was impossible to prevent the heat 
from burning away the surface of the crucibles. In most 
cases about twenty-five pourings were made from a single 
crucible, although in the lower melting alloys many more 
were made. Dixon crucibles were also tried but they proved 
unsatMactory for this work, chiefly because they chipped 
easily, and furthermore they could not be adapted to the 
method of pouring employed here. 
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About i6oo grams of metal were used for one pouring. 
Experiments were made with amounts varying from 1500 to 
2000 grams, but no advantage seemed to be gained by using 
more than 1600 grams. 

The heating was done in a 30 k. w. electric resistance 
furnace. It was 34 X 23 X 15 inches and was built of 
Queen’s Run fire brick and cement. The walls were 4 inches 
thick— the width of a brick. The electrodes were made of 
Acheson graphite 2X4 inches (made up of two 2X2 inches) 
and extended inward through the ends of the furnace about 
7 inches, with 4 inches outside the furnace walls. These 
electrodes were held in place by water-cooled electrode holders.* 
Fig. 2 shows a top view of the furnace. A is the brick wall, 
B a thick lining of siloxicon to prevent loss of heat by radia- 
tion, D the space occupied by granular carbon, C crucibles, 
E electrodes, and F electrode holders. A layer of siloxicon 
about an inch thick was also placed above and below the granu- 
lar carbon. 



Fig. 2 

The outer crucible (the medium size mentioned above) 
was kept stationary in the furnace, with its top very nearly 
on a level with the upper layer of siloxicon, so as to prevent 

‘ Gilletl; Jour. Phys. Chem., 15, 213 (1911) 
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burning away as much as possible. The smalls crucible 
containing the charge rested in this one, being on a level with 
the top. A small piece was cut from the inner edge (rf the 
outer crucible, to admit taking hold of the inner one with 
tongs. By this arrangement the crucible containing the charge 
could be removed at will, without tearing out the furnace 
charge. 

The heating was usually begun with about 125 volts 
across the terminals; as the temperature rose the resistance 
decreased, and the voltage dropped to about 50 volts where it 
was held thrpughout the greater part of the nm. This furnace 
could easily attain .a temperature of 1200°, which was ample 
for this work. 

The moulds* were made of two slabs of Acheson graphite, 
each I X 5 X 17 inches. The pattern of the casting con- 
sisted of the centrifugal sprew, inch in diameter, the test- 
piece ten inches in length, and the riser 1 ‘/^ inches in diameter. 
The test-pieces were cast to size for testing, and were com- 
posed of the test section 0.40 inch in diameter and six inches 
in length, and the grips at the ends 0.75 inch in diameter. 

When casting test-pieces to size, the size of the riser is 
very important. If too small, an insufficient amount of metal 
is carried beyond the test-piece proper, and consequently any 
slag or oxide carried along in the pouring may lodge in the 
test-piece and render it faulty. 

The moulds were made as needed. A mould could be 
used for about seventy-five castings. The greatest wear 
upon the moulds resulted from the effect of heating, which 
gradually burned away the outside, especially the bottom, 
causing the metal to run through when poured into the mould. 
In the preparation of the moulds, the graphite slabs were 
first made smooth on one side by means of a planer or shaper, 
so as to enable them to be clamped tightly together. This 
planing is usually necessary, as the slabs are generally some- 
what warped when received from the factory. Most of the 

* ^opherd and Upton: Jour. Phys. Chem., 4411 (1905). 
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cutting was done liy means of ordinary carpenter’s gouges, 
but care had to be taken in making the grooves for the test 
section. After cutting out the grooves roughly, the smooth 
inside finish was most satisfactorily produced by means either 
of discarded safety razor blades rounded on end and made 
into scrapers, or short pieces of glass tubing of the proper 
diameter with sharp ends. 

Probably the greatest difficulty encountered in this work 
was that of pouring. The mould was first placed in a level 
position, but it was impossible to fill the test-piece portion 
at the far end. This was due to the hot metal freezing too 
quickly in the bottom portion of the test-piece, and thereby 
leaving unfilled gaps on top. It was noticed, however, that 
the metal in the riser was always homogeneous and of good 
quality. This was, of course, filled from the bottom. Hence 
it seems wise to rai.se the far end of the mould so that the part 
occupied by the test-piece would fill by being pushed up the 
incline by the weight of the metal. This was an improvement, 
but it was finally found that it could only be filled satisfac- 
torily by both iuclining and heating the mould. A large 
box was therefore placed near the furnace and through the 
top of this were projected three gas muffle, burners, about 
Six inches apart. The box was covered with several sheets 
of asbestos. The mould, clamped tightly together was set 
on blocks of graphite directly over the burners and surrounded 
by fire bricks and sheets of asbestos. The whole apparatus 
was tilted so that the mould was about ten degrees from the 
horizontal (see Fig. 3). The mould was heated to bright 
redness for the higher melting alloys while a dull red was 
sufficient for those melting at lower temperatures. 

‘ As is well known, one of the greatest difficulties in the 
melting of brass is the loss of zinc by oxidation. This oxida- 
tion was cut down by the use of powdered charcoal, sodium 
chloride,* and by passing illuminating gas directly into the 
crucible, through an iron cover placed over it. These pre- 

* The Brass World, Sept., 1912, page 307. 
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cautions were sufficient to reduce the oxidation of the zinc 
to a minimum, while being heated in the furnace, but the 
moment the crucible was uncovered for pouring, considerable 
oxidation occurred even before the melt could be transferred 
to the mould. In spite of the rapidity of pouring and the use 
of the centrifugal sprew, it was found that when the metal was 
poured from the top of the crucible small pieces of oxide w'ere 
carried into the test section; and, being insoluble in the melt, 
they rendered the casting worthless. This difficulty w'as 
overcome by pouring from the bottom of the crucible, as in 
the Thermit process, thus avoiding the oxides almost entirely. 
A hole ’/g inch in diameter was bored in the bottom of the 
crucible and close to the inner edge. A graphite plug extend- 
ing to the top of the crucible was fitted into the hole. A 
heavy arm ci wood 2 X 3 inches X 4 feet was screwed in a 
slightly slanting position to a nearby permanent support, 
(see Fig. 3) so as to extend just over the mouth of the mould, 
and a few inches above it. On the end of this arm was screwed 
a heavy iron plate, semi-circular in form with the lower edge 
projecting inward. The crucible could thus be taken from 
the furnace and held by means of tongs on this semi-circular 
support. By means of a previously made gauge-mark on 
the outside of crucible, the hole in the bottom could easily 
be placed directly over the mouth of the mould. While 
holding it in this position the plug could be pulled from the 
top, thereby allowing the metal to be poured in a continuous 
stream. Without this support the drawing of the plug 
usually jarred the crucible so much that a continuous stream 
could not be sent into the mould, without which it is almost 
impossible to get good castings with the type of mould used 
here. In order that the mould, after having been femoved, 
could be placed in the proper position with respect to the cru- 
cible, two adjustable iron guards were fastened to the arm just 
back of the semi-circular support. One of these was arranged 
so as to press against the end of the mould and the other 
against the side. By placing the mouth of the mould directly 
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under the outlet of the crucible and adjusting the two guards, 
the mould could be removed and always replaced in the same 
position with respect to the crucible. However, by this method 
of pouring, the excess metal could not be retained in the 
crucible. So an asbestos trough was placed under the front 
end of the crucible and when the mould was filled, the re- 
maining metal was carried into a tank of water. After each 
pouring, the zinc oxide formed during the pouring was scraped 
from the inside of the crucible before placing another charge 
in it. 

Fig. 3 show's the general arrangement of the apparatus. 
A is the mould resting upon graphite blocks and held in place 
by the movable guards E and F. A section of the crucible 



B, is show'll w’ith the hole for pouring and the plug directly 
over the mouth of the mould. C is the frame holding the 
muffle burners. 

After the pouring, the mould was opened quickly and 
the casting immediately quenched in water. As most of 
the castings were quenched from red heat, it was necessary 
to guard against bending the test-piece while removing it 
from the mould, especially as the metal forming the sprew 
and riser was very much heavier than the rod itself. Hence, 
for quenching, a slab of graphite to which was fastened a 




lO 


/. M. Lohr 


stationary upright strip of iron, was placed across the top 
of the can of water. One-half of the mould was removed, 
and the half containing the casting was placed in an almost 
vertical position on this graphite slab, being supported against 
the iron strip. Then by means of a suitable hook, the casting 
could be removed from the mould and lowered vertically into 
the water. 

The materials used for making the test-pieces were 
electrolytic copper of 99.98 percent purity and piu-e Bertha 
spelter, thus avoiding the influence of even minute quantities 
of foreign metals. The copper which is sold in twenty-pound 
pigs, was sawed into two pieces and these pieces were melted 
in the electric furnace and recast into small ingots, or granu- 
lated by pouring into water. For this melting the largest of 
the crucibles previously described was packed in the furnace 
and the one of medium size used for the melting. The zinc, 
which is sold in slabs, was broken into small pieces. To avoid 
lOvSS of zinc by volatilization in the subsequent work, at the 
beginning of this .set of experiments a large quantity of 50 : 50 
brass was made as a basis for starting. To this, copper could 
then be added to make any desired composition ‘ The excess 
metal from pouring and the broken test-pieces were melted 
over and over. In every case, in which pure copper was u.secl, 
it was melted first and then the lower melting alloy, or zinc, 
was added. 

A careful study of the pouring temperatures was made. 
A base metal thermocouple supplied by The Hoskids Manu- 
facturing Company of Detroit, was used for these measure- 
ments. This couple may be placed directly in the melt. 
It w’as rather satisfactory, but cannot be considered an entire 
success. After using it eight or ten times it would generally 
break, because of corrosion, just back of the twdsted ends. 
As nearly as could be ascertained, this corrosion occurred at 
that part of the couple which was at the surface of the melt 
or above it, rather than at the part in the melt. The tempera- 

^ Desch: Metallography, page io8. 



Tensile Strengths of Copper-Zinc Alloys 


II 


tures were taken just as soon as the metal reached the molten 
state, and pouring was usually done very soon after this to 
avoid overheating by holding the metal too long in the furnace. 

Testing 

All of the tests were made on a 10,000- pound Olsen hand 
machine. 

After sawing the metal formed by the sprew and the 
riser from the test- piece, it was tested as cast, except that 
the small fins formed along the test rod by the burning out 
of the graphite around the casting were filed away and the 
center of the piece was filed very slightly, to ensure the locality 
of the break. 

The diameters of the test-pieces were taken at the slightly 
reduced areas by means of a micrometer caliper reading to 
thousandths of an inch. As the pieces were not perfectly 
circular three diameters were taken, and the average used for 
comp\iting the strengths. The records of elongation were 
taken between five-inch lengths on the test-piece, by means 
of fine-pointed dividers, and read on a steel scale divided into 
hundredths of andiich 

The broken pieces were always examined carefully, 
and the general appearance, together with the character 
of the fracture, as seen under a hand lens, was carefully 
recorded Much valuable knowledge' of the interior of the 
pieces was thus gained • In addition, three diameters of the 
fractured ends were taken, froth the average of which, were 
computed ■ tensile stren'^ths, blised ‘oij , th '6 reduced areas. 
Of course, the values thus obtained are no? perfectly accurate 
owing to the difficulty of taking accurate' measurements on 
such broken ends. But, allowing for the error, they give us 
sothe'intere*sting data. ’ 

In determining the value of a piece, after making the test; 
it was considered good if it had 'the pVoper color and homo- 
geneity, and contained no large Hbl^s. It was called good even 
if it ^contained one or two pitiholbs of occluded' gas. 

‘ Oit account of the h^aVy loss of zinc by volatilizhti 60 
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during the melting, it was impossible to prepare test-pieces 
of a given composition. This could be done to within i per- 
cent in the compositions above 65-70 percent copper, but in 
those of a higher zinc content, it was difficult to come quite 
as close. As a result, each piece had to be analyzed. Hence, 
the natme of the fracture determined whether a piece should 
be analyzed or not. And, in addition to the good pieces, 
only those others whose composition it seemed desirable to 
have, were analyzed. Copper was determined electrolytically 
and the zinc obtained by difference. 

Results 

The results of this research are given in the accom- 
panying tables, and are presented graphically by means of 
curve diagrams. It was thought desirable not to present 
all the data taken, as this would be too cumbrous. 

Table I gives a complete summary of the final results. 
The first column shows the copper composition of each alloy 
obtained by analysis. In the second column are recorded the 
temperatures as taken just before pouring. The third column 
shows the freezing temperatures for the corresponding com- 
positions, taken directly from the freezing curve (Fig. i). 
In the fourth column are tabulated the differences between the 
pouring temperatures and the corresponding freezing tem- 
peratures. The next column shows the ultimate tensile 
strengths in pounds per square inch, while in the following 
column are given the ultimate strengths based upon the 
reduced areas of the broken ends. Following this, we have 
the ductilities, based on five-inch lengths on the test-pieces, 
and in the last column the good pieces are designated by 
“G" and the faulty ones by “B.” 

Table II gives a list of the “good” faeces of the regular 
series. 

No work was done on heat treatment. 

The tensile strength curve is shown in Fig. 4. The 
abscissas are percentages of copper, while the ordinates are 
poimds per square inch. For comparis<ni, the values of 
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Table I — Summary of tests 


I Pouring 1 Freezing j 
i tempera- | tempera- f 
I ture j lure | 


Dififer- i strength 

eiice ■' Original I Fractured 
! section i sections 


1 1160 

j 1080 

78 

' J 1 70 

1 1082 

88 


— 

— 

1230 

1050 

’ 180 

1 140 

( 1040 

> 100 

J 150 

1040 

J 10 

I 120 

1015 

i <>5 

-- 



1 130 

HXX) 

130 

I 140 

HXJO 

1 140 

— 

} 

I 

1210 

i 985 

i 225 

1080 

j 980 

1 

j 100 

1160 

! 980 

180 

1220 

970 

250 

1200 

970 

230 

1020 

960 

60 

1090 
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no 
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! 
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! 
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j 
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; 85646 
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— 
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i 
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79 1 ex') 
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; 
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1 
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1 
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— 
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— 
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— 
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— 
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iB 
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G 

— 
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B 
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B- 
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— 

B 

22.2 

B. 
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B 

— 

B 

— 

B 

— 

G 

— 

B 
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G 

— 

B 
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B. 

n.2 

B: 

— 

G 

— 

G 
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B 
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B 

— 

B 
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Table I — (Continued) 


Percent 

copper 

1 Pouring 
i tempera- 
ture 

j Freezing ^ 
tempera- 
ture 1 

Differ- 

ence 

1 Tensile 
j Original 
section 

strength 

1 Fractured 

1 sections 

1 

i 

Ductility , 

j 

65.8 

I 1 C )0 

915 

185 

35200 

67500 

29. I 

iG 

65 8 . 

, 1070 

i 915 

155 

36701 

75000 

: 315 

iB 

65 2 


1 915 : 

— 

35800 . 

- — 

34 - 1 

G 

(>4 5 

! 1020 

910 1 

1 10 

4^359 

! 87300 

— 

!b 

63 . I 

1030 

i 900 , 

130 

4^^559 
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— 

IG 

62 7 

h >75 

1 893 

180 
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30.8 

B 

62 3 

1050 

: 890 

160 

47715 
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36,2 

-G 

62 3 

1030 

; 890 

140 

50917 

! 86620 ! 

31 « 

B 

62 3 

1020 

890 ! 

130 1 

52300 

! 89730 

34 « 

G 

614 i 

950 . 

1 890 

60 

53043 

i 99509 

29 8 

iG 

61,1 1 
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890 

1 10 

55555 

i 1 0 J Scx) 

25 2 

G 

6( ) 9 i 
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890 

90 , 

56355 

1 2 7990 

31.6 

G 

60 6 

1060 

890 

170 i 
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25 2 

B 

60 5 
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890 

50 

5621 1 

J 03 230 

24 i 

Cf 

60 3 

I (XX) 

; 890 
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574 «y 
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26 0 

G 

50 « 

1080 

890 

90 
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, 104166 

20 4 

G 

59 4 

— 


— 
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i i 35 f> 2 i 

38.0 

('. 

59 0 


1 890 

I H) 

59147 
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21 0 

G 

58 1 

95 ^> 1 

i 890 

60 
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-- 

G 

57 7 ' 
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885 

75 
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- 
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1 030 
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68806 
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1010 
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11 4 

B 

55 4 

1050 

885 

1O5 

71193 
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14 8 

('. 

55 0 

95 ^> 

885 

O5 
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14 

. 5 ^ 9 
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G 
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(V 
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9 « 

H 
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880' 
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B 
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880 
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G 
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,G 

;s 3 0 

5 ^ 
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— 

-- 

B 

— 
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' 

--- 
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— 

B 
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— 

-- 
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j 
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: 

— 
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1 
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Table II — “Good'* pieces in regular series 


Percent 

' Pouring | 
tempera- 

Freezing | 
tempera* : 

Differ- 

1 Tensile 
j Original 

Strength j 
' Fractured ! 

Ductility 

copper 

ture 

lure 

1 


section 

; sections ' 


1 00.0 

1170 

1 

I 1082 i 

88 

! 22618 

' ] 

19-3 

95-5 

' — 

i . _ 1 

— 

30053 

1 j 

17 5 

90 6 

— 

— ! 

' — 

; 29320 

1 

— 

90 3 

— 

' 1 

*— 

’ 31392 

' 71401 ; 

30 8 

88 5 

1 140 

' 1040 ‘ 

ICK> 

' 32i8r 

64014 

24 8 

88 2 

— 

— 

— 

1 29443 

: S51S9 

28 0 

87 6 

1 1 5(3 

1040 

I If> 

30690 

68461 

24 4 

8s 6 


- 

— 

' 3089^) 

79100 

24 8 

Si 3 


■ 

— 

32634 

65930 

50 8 

81 2 



— 

• 33590 

95875 

36 8 

80 I 


' 


30574 

— 


79 7 


- 

... 

30900 

578 .V> 

24 5 

76 I 

. 1080 

9S5 

95 

32323 

57955 

29 6 

72 3 

1090 

960 


3 UOI 

49565 


71 9 

1 H)() 

( K>< > 

140 

34449 

64600 

-- 

70 2 

I roo 

95 <> 

*50 

30528 

48500 


68 8 




33090 

60 4 

66 3 

1030 

<;20 

1 10 

36465 

64262 

35 6 

65 8 

1 lOO 

915 

1S5 

352 (X) 

67500 

29 I 

^>5 




35 S(K) 

-- 

34 1 

^>3 I 

i() 3 {) 

<>00 

I 3 <> 

■46559 

1 ( )8( K K ) 


62 3 

1020 

890 

I 3 <'> 

523 t‘x^> 

89730 

34 S 

3 

H\S(J 

S 9 < ) 

160 

47715 

102500 

36 2 

61 4 

95 

S()o 

60 

53045 

99509 

20 8 

61 i 

loon 

S 9 ( ) 

I 10 

55555 

101800 

25 2 

60 9 

9 S( ) 

8<io 

90 

56355 

127990 

31 6 

60 5 

940 

890 

5 ^> 

^(>2 1 1 

103230 

24 1 

60 3 
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8()( ) 

I !C> 

' 574'>0 

97153 

26 .0 

59 S 

loSo 

8go 

190 


104166 

20 4 

59 4 



- - 

558 fM) 

135621 

38 0 

59 0 
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89 ( ) 

I 10 

5647 

801 I 7 

21 0 

5S I 

' 95 ^’ 

890 

60 

1 62909 

8 1400 


57 I 

1 1000 

S85 

I 15 

1 66910 



57 0 
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.-'S9 

95 

i ^>'754 

63900 

9 6 

7 

: 1050 

S85 


■ 69534 

9342 I 

- 

5 ^> 5 

1 1030 


H 5 

: 688 <j6 

95301 

, 14 ■> 

55 4 

1050 

i i 

165 

j 71193 

95515 

14 8 

54 9 

j 1000 

<S8o 

1 20 

62119 

76504 

12 8 

54 S 

1 1050 

' 880 1 

170 

1 62555 

, 87643 , 

12 0 

53 0 

1 1050 

880 j 

i7d 

1 66026 

8131] ' 

— 

47-5 

, 

! 

— 

' 24531 

- - 
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Thurston and Mallet are also given on the same plate. There 
is a slight increase in the tenacity with the first addition of 
zinc, after which the values remain almost the same through- 
out the ffl field, increasing only about 5000 pounds per square 
inch over the range to about 66 percent copper. From that 



point there is a very sudden increase, the values going up 
rapidly to a maximum at 55.4 percent copper. The values 
fall very gradually from that point to that of 53 percent 
copper, while a very sudden drop is noticed in the alloys 
containing from 53-47.5 percent copper. Beyond this no 
work was done, as these alloys are very brittle and not of 
very great practical use. Owing to the great number of 
castings made, values of close compositions were obtained, 
resulting in a very smooth curve. 

Since the test-pieces used in this investigation were all 
quenched immediately after casting, it was predicted that the 
lines 6j6j, and c,6^, marking respectively the boundaries 
between the a, a + ^ and pure fields, would be somewhat 
changed from the positions which they occupy on the equilib- 
rium diagram (Fig. i). In order to determine the extent 
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of these chanj?es, a series of specimens taken from the ends of 
various test- pieces were examined microscopically and photo- 
graphed. The dendritic structure of the a crystals referred 
to by Shepherd,* was seen very plainly in specimens con- 
taining 81.3, 74.6, 71.9, and 66.3 percent of copper. How- 
ever, the 65.8 percent alloy showed small areas of /? crystals 
scattered through the great mass of a crystals. This shows 
that the field of pure a ends at about 66 percent copper. 
Comparison with the diagram will show this position to be 
somewhat to the left of the line as obtained under equilib- 
rium conditions. In a similar manner, we find the line 
moved to the left. The 55.4 percent alloy was composed 
entirely of pure ft, while the 57.1 percent alloy showed a con- 
siderable mixture of n crystals, indicating very plainly that 
pure /y extends almost to 57.0 percent copper. On the other 
hand, the position of the line c^h^ was found to change some- 
what to the right of that shown on the equilibrium diagram. 
The 53.0 percent alloy consisted entirely of pure whereas 
the one containing 47.5 percent copper was shown to consist 
of about three-fourths distributed through the y metal. 
This indicates that pure must cease to exist at about 49 or 
50 percent copper. Remembering that the castings used in 
this work were quenched at about 70o°-8oo°, and before 
equilibrium was reached, we can account very satisfactorily 
for the new positions of these boundary lines. In the several 
figures in this paper the positions of the boundary lines of the 
different pha.ses as found here, are contrasted with their 
positions on the equilibrium diagram. The latter are re- 
presented by dotted lines, while the heavy lines show the 
boundaries obtained in this work. 

If we compare the tensile strength curve with the posi- 
tions of the boundary lines here established, we find a very 
close relationship. Throughout the a field there is only a 
slight change in the tensile strengths. At about 66 percent 
copper, where the /? crystals begin to appear, the strengths 


* Jour. Phys, Chem., 8, 427 (1904). 
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begin to increase, and continue to increase throughout the 
range of the metal composed bf a + crystals. The maximum 
strength is found to lie wholly in the ^ field. As we ap- 
proach the Y field the strengths fall rapidly, until at 47.5 per- 
cent copper where the amount of ^ is small, the tenacity is 
only about 25,000 pounds per square inch. 

Let us now compare the results of this paper with those of 
Mallet and Thurston. Mallet’s strength of pure copper is 
hardly comparable here, as his test- pieces were prisms 0.25 
inch square. It will be referred to later. His results be- 
tween 90 and 75 percent copper agree well with Thurston’s, 
but he seems to have neglected the section of greatest change 
in strengths, as his work includes no tests between 66 and 49 
percent copper. Thurston’s curve is of the same general 
form as that obtained by the writer, but much more irregular 
For compositions around 70 percent copper, and for those con- 
taining less thdti 63 percent copper his values are consider- 
ably lower. His maximum is at about 58 percent copper 
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Charpy on annealed brasses, and with that of the Alloys 
Research Committee* on worked rods. As would be ex- 
pected, the tensile strengths of worked metal are greater than 
those of cast metal throughout the greater part of the series. 
This is due, of course, to the decrease in the grain size brought 
about by working the metal. On the other hand, for annealed 
brasses one would predict tensile strengths lower than those 
given by castings without heat treatment. This decrease 
in strength should result from larger crystals due to annealing. 
But Charpy’s results show greater strengths over the whole 
of the a field and a part of the a -f fi fields. This must be 
very largely due, therefore, to the small size of the test-pieces 
which he used. These pieces were 5 mm in diameter, and 
con.sequently on ({uenching, would cool very rapidly, thereby 
reducing the grain size, and giving high tensile strengths. 
The presence of traces of other metals may also have had an 
effect in increasing the strengths. 

The small size of the test-pieces, and therefore the small 
grain size, will also probably account for the abnormally 
high value for cast copper obtained by Mallet, as the prisms 
used in his tests were 0.25 inch square. 

In connection with this it is also interesting to notice 
the very high tensile strengths, based on the reduced areas 
as shown in Table I In the region of 60 percent copper 
these strengths are considerably over ioc),.ooo pounds per 
square inch, in oaae ca^e (alloy 59.4 percent copper) attaining 
a value of 137,000 pounds per scjuarg inch. This value is 
40 percent higher than the maximum obtained by the Alloys 
Research Committee with worked metal. As, this is prac- 
tically the sfrength of th^ alloy at the time,fOf break, it is in 
reality the breaking strength of “ drawn ” , brass and shows 
the ultintate possibility of obtaining spcli vglues for metal 
thu^ worked. In view of this fact, and noting that extruded 
zinc“ with a tensile strength of 73,000 pounds per square inch, 

* Proceedings of Mcch. Engineers, Paris i and 2, 3* (1H97) 

‘‘Jour. Franklin Inst., 172, 558 (1911). 
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and electrolytic copper' of 68,000 pounds per square inch 
have recently been obtained, some interesting possibilities 
for future high tensile strengths are suggested. 

In casting these alloys, little trouble was experienced 
in obtaining good homogeneous test pieces above 80 percent 
copper, but from 65-80 percent copper it was exceedingly 
difficult. The greatest difficulty was that of porosity. 

Dozens of castings were made, perfect in external ap- 
pearance, only to show upon breaking, a thin solid homo- 
geneous outer crust or shell, within which was an area of 
porosity, varying according to the conditions under which 
the metal was melted and poured. The melting was largely 
done under illuminating gas which, for the purpose of 
preventing oxidation of the zinc, was led through a perforated 
cover into the top of the crucible. On this account, it was 
thought that perhaps the molten metal had absorbed gases, 
which it could not force out when quenched immediately 
after casting. Therefore, experiments were made, keeping 
all other conditions the same, in which granulated charcoal, 
sodium chloride, and illuminating gas, respectively, were used 
as a protection for the melt. The gas was used in the ordinary 
manner — that of leading it into the top of the crucible. And 
in a few cases it was led through a carbon tube directly into 
the melt, and distributed through it by stirring with the 
tube carrying tiie gas. Under each oi these conditions, 
several pieces were quenched immediately after they were 
removed frcnn the mould; others were quenched after they 
had been allowed to remain in the air in the open mouM t<x 
about three minutes; and still otho-s were allowed to cool 
in the air. In almost every case the pieces allowed to cool 
in the sur showed, upon breaking, good sbhd homogeneous 
metal, free from porosity. There wwe, however, a few 
instances in which slight traces of porosity could be noted 
even in these. But vdiile the poro«ty was thus almost 
entirely prevented, the crystallization was allowed to take 

Bennett: Jour. Phys. Chcm., i6, 294 (1912). 
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place slowly, thus giving large crystals and a consequent 
reduction in strength. In every case the metal was porous 
in the pieces quenched at once. This was more marked in 
those pieces in which gas had been led into the melt. The 
best results were obtained in the cases in which quenching 
was done about three minutes after the metal was poured 
and the mould opened. Even when gas was used, solid 
homogeneous metal was obtained, when the pieces were 
quenched under these conditions. 

In every instance, when the broken ends showed porosity, 
a .solid shell of metal was noticed on the outside of the piece, 
and also in many instances there was a distinct break, or 
pipe, in the center. In view of these experiments, a possible 
explanation is that the dissolved gases have time to escape 
when the metal is allowed to cool entirely in the air, or is 
allowed to remain in the air for a few minutes before quench- 
ing, whereas when the pieces are quenched at once the sudden 
cooling causes a thin shell of metal to form on the outside, 
thus preventing the gases in the interior from escaping. 

As we pass from 65 percent copper toward a lesser copper 
content, a very different kind of metal is noted. This is the 
range of the mixture of a and crystals. This was decidedly 
the easiest brass to cast, as almost every casting was solid 
and gave a good break. There was, however, a slight tendency 
toward the formation of holes lined with a bright yellow 
covering; but these were few in number. The fractures 
were mostly V shaped or oblique to the makt axis oi the 
piece. From 60-63 percent cqpper there was noticed quite 
a tendency to “neck.” From 57 percent copper over the 
range of the ^ fidd we find a very hard metal, with little 
ductility. In spite of the short time for crystal growth, the 
crystal structure was large as revealed by the ragged, ir- 
regular fractures. Below 50 percmit copper the crystaUine 
structure was pronounced and very well defined. 

The ductility curve is ^own in Fig. 6. This rises- 
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gradually with the addition of zinc and attains a maximum’ 
at about 65 percent copper. It drops very suddenly at about 
60 and then falls off gradually almost to zero at 47.5 percent 
copper. The maximum here shown differs somewhat from 
that obtained by other investigators, as both Thurston with 
castings and Charpy with annealed brasses found the maxi- 
mum ductility to be at about 70 percent copper. This change 
in the maximum is evidently due to the method of cooling 
employed in this work. Under equilibrium conditions, as 
seen from the curves of the investigators mentioned above. 



the maximum falls just withiii' the limits of pure a. Be- 
yond that, the a + ^ crystals would break' down into a'-\- y 
at the lower temperatures. The introduction of f -might 
possibly result in brittleness and decreased ductility, al- 
though this is not certain. If the bietal' is- distributed 
through the a in a highly agglomerated condition, it un- 
doubtedly would decrease' the strength, whereks • there is 

.. r. , ; 

* One 68.8 percent brass gave the pmarkable elongation. of <^0.4 percent., 
but this could not be duplicated. " ‘ " "" 
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some question as to the effect of very finely divided y dis- 
tributed through the a metal. On the other hand, by the 
method of rapid cooling employed here, it is quite likely that 
only sufiicient ^ crystals were carried over into a to increase 
the ductility and thus to throw the maximum to about 66 
percent copper. This seems quite probable in view of the 
microscopic results previously mentioned. Here it was 
shown that ^ began to appear at about 66 percent copper. 
Pure is very low in ductility but it appears that a mixture 
of a f /?, with a preponderance of a, gives the highest ductility, 
when cooled cjuickly after casting. 

The effect of the temperatures of pouring upon the 
strength of the brasses may best be noted by an inspection 
of Table II. A great majority of the “good’’ pieces were 
poured at temperatures somewhere between loo*^ anti 200^ 
above the liquidus. In a few cases, with the temperatures 
less than 100® above the liquidus, gocxl castings were ob* 
tained, but generally the metal was too viscous to be handled 
easily, and to fill the mould properly However, it was 
absolutely impossible to obtain good test-pieces with the 
pouring temperature more than 200° above the licpiidus. 
In every cuse the castings were of good extenal appearance, 
but contained numerous black spots of porous material 
j)resumably copper oxide. This was more noticeable as the 
copper content increased In many cases, those pieces cast 
from temperatures more than 200® above the liquidus showed 
less than a fourth of the strength which their compositions 
should have given. 

It was impossible to limit the pouring temperatures to a 
closer range than ic_k)°, as it will be noticed by referring to 
Column 4 of Table II, that frequently, castings of about 
the same compositions gave practically the same strengths, 
with temperatures as much as 50*^ apart. 

In general, then, it may be said that brasses with the 
highest strengths can be obtained by having the temperature 
of pouring within the range of 100® C to 200° C above the 
liquidus. 
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Concintions 

The following conclusions may be drawn from the results 
of this work : 

1. A study of the tensile strengths of the cast brasses 
containing 47.5-100 percent copper has been made. 

2. The a brasses give almost a constant value for the 
tensile strengths. 

3. The maximum tensile strength occurs in the neigh- 
borhood of a 55 percent copper alloy, and its value is about 
71,000 pounds per square inch. 

4. The ^ alloys give the highest tensile strengths. 

5. The maximum strength does not occur on a boundary 
curve. 

6. The variations in the tensile strengths agree very 
closely with the constitution of the alloys, as proven by the 
microscopic study. 

7. A tensile strength of 137,000 pounds per square inch, 
as taken from the fractured ends, has been obtained. 

8. A maximum ductility of about 36 percent elongation 
has been obtained regularly. One piece, however, showed 
an elongation of 60.4 percent, but could not be duplicated. 

9. It is possible to obtain a cast brass having an ultimate 
tensile strength of 71,000 pounds per square inch, and an 
ultimate elongation of 14.8 percent; or, a brass having an 
ultimate tensile strength of over 36,000 pounds per square 
inch and an ultimate elongation of 35.6 percent. 

10. A method for continuous pouring of metal has been 
devised. 

11. The effect of temperatures of pouring has been in- 
vestigated. 

This work was suggested by Professor Bancroft, and 
has been carried out under his direction. This opportunity 
is taken to thank him most heartily for his continual kindly 
interest in the work, and for the many helpful suggestions 
offered during its progress. 

Thanks are also extended to Mr. C. A. Scharschu for 
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assistance both in the casting and in the metallographic part 
of the work, and to Mr. 0. W. Boies for assistance in casting. 
And finally, thanks are extended to Professor Upton for some 
suggestions, and for the use of the testing laboratory of 
Sibley College. 

Cornell University^ 

^ May, igi2 



RECENT ADVANCES IN OUR KNOWLEDGE OF COLD 

LIGHT* 

BY HERBERT E. IVES 

No more fascinating field of research exists than that of 
light production by means other than high temperature. 
Both from the standpoint of scientific theory, and from the 
standpoint of practical light production, the opportunities 
for increasing and applying our knowledge are great. On 
the other hand, there is scarcely any branch of science in which 
adequate theories are so few or so unsatisfactory. The 
theory of light production by luminescent processes is thus 
in striking contrast to the Wien-Planck theory of tempera- 
ture radiation. 

The general characteristics of luminescence are, first, 
the low temperatures at which the light is produced, and 
second, the discontinuous spectra of such light. Conforming 
to these characteristics are the luminous phenomena produced 
by a variety of causes, in different media, and under various 
conditions. The usual classification is into fluorescence and 
phosphorescence, produced by light, cathode rays, X-rays, 
etc.; electro-luminescence, produced by the passage of an 
electric current; tribo-luminescence, brought about by fric- 
tion; thermo-luminescence, caused by gentle heating; and 
chemi-luminescence, accompanying chemical reactions, and 
including the interesting cases of light production by living 
organisms. 

A very large amount of experimental work has accumu- 
lated along these lines, and no more than a brief mention of 
the more striking researches, with their theoretical bearing, 
can be here attempted. 

Fluorescence . — By fluorescence is commonly understood 
the production of light possessing the characteristics of lumin- 

^ A paper read before the Eighth International Congress of Applied 
Ch€»mistry in New York, September, 1912. 
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escence while under the influence of the exciting force, which 
latter may be light, cathode rays, or other form of radiant 
energy. Besides the general characteristics of luminescence 
above noted, fluorescent light has been thought to conform 
to Stokes’ law, which states that the emitted light is always 
of greater wave length than the exciting. 

Among the most important recent experimental work 
on fluorescence must be ranked that of Wood, on sodium 
and other metallic vapors, By the u.se of improved technique, 
and of higher spectroscopic resolving power, the fluorescent 
spectrum of sodium vapor was found, when white light is 
employed as excitation, to be of a delicate banded structure. 
When, however, monochromatic excitation is used, there 
re.sults not a banded but a line fluorescent spectrum. As 
the wave length of the exciting light is changed, different 
sets of line spectra appear, each forming a regular series. 
In these series, Stokes' law is not observed, for by exciting 
any one line of a series by resonance all the other lines respond, 
indicating that the various monochromatic radiations are 
given out by a common system. Much information as to the 
nature of the radiating .systems will undoubtedly follow 
from this work and from that now being carried on in con- 
tinuation of it. Among the latter researches may be noted 
the remarkable experiment of changing the line resonance 
spectrum of iodine vapor into a band spectrum (resembling 
that excited by white light) by means of the presence of 
helium gas. 

In a somewhat different field are the interesting fluores- 
cent spectra found by Goldstein in the aromatic compounds, 
which exhibit peculiar changes in intensity and character 
with variations in the excitation and physical conditions. 

Nichols and Merritt in an extensive series of studies 
have determined the distribution of intensity in the spectra 
of various fluorescent substances, and the effects of tempera- 
ture thereon. Their latest work, on the distribution of in- 
tensity among the narrow bands in the spectra of the uranyl 
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compounds, shows that the envelope of these bands has a 
shape similar to that of the intensity distribution in the broad, 
single emission bands of many other fluorescent substances, 
such as the alkaline earth sulphides. Taken in conjunction 
with the fact that these bands are much sharper at low temp- 
eratures (Becquerel) and broaden at high temperatures, 
there is here evidence for the complex character of the rather 
common diffuse emission bands given by fluorescent and 
phosphorescent substances. 

The chief theories of fluorescence consider it in relation 
to phosphorescence and will be treated here under that head. 

Phosphorescence . — By phosphorescence is commonly under- 
stood a luminescence which persists after the removal of the 
excitation. Frequently it is considered as differing from 
fluorescence in this respect alone and the one is held to gradu- 
ate insensibly into the other. Certain substances which, on 
ordinary examination, appear to be merely fluorescent are 
found on examination with the phosphoroscope to exhibit 
a phosphorescence of very short duration. Often the diwation 
of this phosphorescence may be increased by lowering the 
temperature. 

Attention must here be directed chiefly to two investi- 
gators and their theories, and to the work which has been done 
by them or inspired by them - Kowalski and Lenard. The 
theory advanced by Kowalski calls for two systems of electron 
groupings, called electronogens and luminophors. The first 
expel electrons under the influence of light; the second have 
an internal energy closely approaching the critical value at 
which explosive action takes place in accordance with the 
ideas of J. J. Thomson. Under the influence of light the 
electronogens expel electrons which carry additional energy 
to the luminophors, destroy their equilibrium and so cause 
disintegration and emission of light. 

Recent experimental work by Kowalski on organic com- 
pounds at low temperatures has resulted in the separation of 
two processes, one of which decays with great rapidity on the 
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removal of the excitation, the other much more slowly. The 
two processes have different spectra. These results are 
apparently more in accord with the theory of Lenard, which 
follow'S : 

Lenard has directed his study to the alkaline earth 
sulphides, of which Balmain’s paint (calcium sulphide) and 
sidot blende (zinc sulphide) are examples. Through an ex- 
haustive investigation in conjunction wdth Klatt, he has 
definitely determined the composition of these sulphides. 
The constitution of a “phosphor” is three-fold : first, an active 
metal, present in very small quantity; second, an alkaline 
earth sulphide; third, a flux. Having reduced the preparation 
of the phosphors to a science, Lenard has conducted note- 
worthy investigations on the properties and behavior of 
these substances under different excitation and conditions. 
Each phosphorescent spectral band has been found to have 
three phases a lower momentary phase, at low temperatures ; 
a permanent phase; and an upper temporary phase at high 
temperatures. The characteristics of the permanent phase 
are that, first, it gives lasting phosphorescence, and second, 
it is caused chiefly through excitation by light at several 
isolated spectral regions. The temporary phases are excited 
by a large range of short wave-length radiation, and are of 
excessively short duration of phosphorescence. The various 
bands have their permanent phases at different temperatures. 

To explain these phenomena, Lenard has formulated a 
very striking theory. He considers the action of light to be 
the photo-electric action, that is, the tearing off of electrons 
from the active metal by the resonance action of light. These 
electrons are then captured by the surrounding sulphur atoms. 
Some are released at once, others are stored and only gradually 
returned. The (photo-electric) electrons on their return, 
vibrating with ever-decreasing amplitude and period, set 
in motion, by resonance, at a certain period in their decreasing 
swing, another set of electrons in the metal atoms, the latter 
■called “emission electrons.” It is the vibrations of the emis- 
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sion electrons that cause the visible light, of greater wave 
length than the exciting (Stokes’ law). The extinguishing 
action of infra-red radiation is attributed to the fact that the 
free period of the captured metal electrons is such as to re- 
spond to the longer wave excitation. The complex molecule 
is set into vibration and gives up its metal electrons sooner 
than it otherwise would. 

Some deductions from this theory have met with strong 
confirmation. It has been found, for instance, that the rela- 
tive wave lengths of the permanent excitation regions for the 
same active metal may be derived from the dielectric constant 
of the alkaline earth sulphide. The theory calls as well for 
a number of bands not to exceed the number of valence elec- 
trons, that is, four, and although Pauli has recently found 
both ultra-violet and infra-red phosphorescent bands this 
number is not exceeded. 

An interesting contribution to this theory has recently 
been made by Pohl. Lindemann had discovered that the 
wave length at which metals respond to the selective photo- 
electric effect may be calculated from the atomic volume and 
valence of the metal, on the assumption of a planetary system 
obeying Kepler’s laws. Pohl calls attention to the fact that 
the wave lengths which excite the permanent phase of phos- 
phorescence are in the ratio to each other given by Linde- 
mann’s relationship, in which the successive valences 4, 3 and 
2, are substituted, thus supporting Lenard’s view that we 
have here a case of the selective photo-electric effect. 

Electro-luminescence. The production of light by the 
passage of an electric current through a rarefied gas belongs 
in the category of luminescent phenomena, although the 
chief study has been from the electrical rather than the light 
standpoint. Tlie past few years have, however, marked the 
commercial development of electro-luminescent devices, promi- 
nent among which are the Moore tubes, containing either 
carbon dioxide (white light) or nitrogen (yellow light) . Lately, 
tubes of neon have been employed, noteworthy because of the 
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low cathode drop and the large portion of the emitted energy 
which lies in the visible spectrum. 

Chemi-luminescence — That light is an occasional accom- 
paniment of chemical action, even at low temperatures, has 
long been known. Trautz, in a remarkably exhaustive study, 
has recorded some hundreds of cases of chemi-luminescence 
in its various forms of crystallo, tribo, and purely combination 
luminescence. No generalizations are possible at present 
beyond the observation that velocity of reaction and intensity 
of luminescence are approximately proportional. Some of 
the more intense of these reactions, such as that of pyrogallol 
and hydrogen peroxide, have been the subject of special in- 
vestigation, but in all cases the amount of light produced was 
very small and difficult of study. 

Organic-lummcscemc - More and more attention is being 
devoted to the study of organic luminescence, whether of 
bacteria, marine organisms, or the luminous worms and flying 
insects In these nature has solved the problem of light pro- 
duction in a manner different from that so far achieved by 
man. WTiile usually the total light emitted is small, the in- 
trinsic brilliancy is not so small as to make a similar light 
useless to man coixld he copy its mode of production. 

Perhaps the most signilicaut W'ork done of late has been 
on the lire-fly. On the physical side, work by Ives and Cob- 
lentz has shown the spectrum of the emitted light to consist 
of a narrow band in the visible region, unaccompanied by any 
emission in all the ultra-violet and infra-red w'hich could be 
studied by photography or phosphor photography, and with 
strong evidence that such invisible radiation cannot exist. 
Nor does the radiation possess any of the characteristics of 
true phosphorescence, such as dependence on light for excita- 
tion, or susceptibility to extinction by infra-red. 

Interesting work by Kastle and McDermot on the chemical 
side has shown that the light-giving pow'er of the insects is 
affected by many chemical reagents in a marked manner. 
They find the necessary conditions for the production of light 
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to be the presence of oxygen and water. Perhaps the most 
important result of their work has been the discovery that the 
dry powdered abdominal material of the insects will give out 
light when moistened, for as much as two years after the insect 
is dead, proving the emission of light to be a chemical phenom- 
enon not dependent on life. 



THE DIRECT PRODUCTION OF POSITIVES IN THE 
CAMERA BY MEANS OF THIOUREA AND 
ITS COMPOUNDS* 


BY YRANCIS C. FRARY, RALPH W. MITCHELL AND RUSSELL E. 

BAKER 

The increasing nse of transparent positives in photographic 
processes inspired us to begin the study of methods for their 
direct production in the camera. It was hoped that such a pro- 
cess could l)e developed as would make it possible to produce 
lantern-slides, transparencies, and positives for use in the 
Askau process, without lirst making negatives. It was also 
hoj)ed that the process would enable ns to shorten the manipu- 
lation in the Lumiere Autochrome and similar processes in 
color-photography This work was begun nearly tw'o years 
ago by Messrs. Frary and Baker, and was continued during 
the past year by Me.ssrs. Frary and Mitchell. 

Waterhouse- first described the use of thiourea in the 
direct production of positives, and recommended the nse of 
the double salt, tetra-thiourea-ammonium bromide. His 
work .seems to have attracted little attention, however, and 
apparently the results obtained with thiourea by others* 
were unsatisfactory. Recently Ferley* has worked on this 
method, apparently obtaining more satisfactory results, 
using a hydrochinon developer instead of the eikonogen de- 
veloper recommended by Waterhouse. But his directions 
are not very explicit, all his work was done on lantern-slide 
plates, which are quite different from ordinary plates, and we 
found that attempts to make positives according to his di- 

' A paper read lx?forc the Eighth International Congress of Applied 
Chemistry in New York, September, 1912. 

^ Eder; Jahrbuch fiir Photographie, 16, 170 (1892) 

Nipher: Trans. Acad. Sci. St. Louis, 10, 210 (1900) Quoted in Jour. 
Phys. Chem., 13, 237 (1909). 

■' Jour. Phys. Chem., 13, 649 (11)09). 
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rections were seldom successful, and then only to a limited 
extent. 

Working according to his directions, and using ordinary 
plates, we found it very hard to get results at all concordant, 
when all the conditions appeared to be the same. Using 
thiourea, as he recommended w’C obtained fair positives, fogged 
plates, and hybrids, all under the same conditions of exposure, 
strength of developer, and time of development. It appeared 
that there was another factor capable of exercising a great 
influence, and this was found to be the temperature of the 
developer. 

We have made about 6<x) plates in all by this process, and 
find that the predominant factors in the control of the results 
are: (i) brand of plate, (2) proportion of thiourea or its salts, 
(3) developing agent, (4) proportion of alkali, (5) proportion of 
restrainer, (6) character of thiourea salt used, (7) tempera- 
ture of developer, (8) method of applying the thiourea com- 
pound. For uniformity, most of our plates have been made 
by printing under a lantern-slide at a distance of 1 meters 
from a standard candle, the apparatus being set up in the 
dark room, and the candle thoroughly protected from draughts 
of air. 

We find that the dex eloper which gives the best results 
depends quite largely on the brand of plate used. This is 
not wholly a matter of the relative speed of the different 
plates, but seems to depend on the composition of the emulsion. 
Best results are obtained with plates of only moderate speed, 
such as the Cramer Banner X or the Seed 26. Most of our 
work has been done on the Cramer Banner X plate; after 
working out the effect of variations of the conditions on this 
plate, other plates were used for comparison. We have 
used Seed 26, 27, 30, process, and lantern-slide plates, Vulcan 
plates, Lumi^re Blue Babel, and Lumifere Sigma plates. In 
some cases the developer had to be modified to get the best 
results. 

When the thiourea was used as a separate bath before 
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development, as recommended by Parley, it was used in a 

1 : I OCX) solution. When mixed with the developer, the same 
strength was used, in proportions varying from 30 to 40 parts 
per 100 parts of developer. Equal parts of the two solutions 
seem to give the best results, less thiourea has too great a tend- 
ency to give hybrids, and more produces excessive fog. 

We find that difTerent developing agents have different 
effects. The hydrochinon formula recommended by Parley 
(Sol. A : water loo, sodium sulphite (dry) 12.6, hydrochinon 

2 I gm.; vSol. B : water irx), sodium carbonate’ (dry) 25 2 
gin.) was the one which seemed to work best, and was used 
in most of the experiments. Satisfactory positives were 
also obtained with an adurol developer containing a rather 
large amount of alkali, but dianol and amidol were unsatis- 
factory. The effect of metol is very peculiar A small 
amount of it added to the regular hydrochinon developer 
increases very much the density of the negath e image which 
develops first, but acts as restrainer for the positive image. 
Hybrids generally result, although by decreasing the exposure 
very much and developing for a very short time, some rather 
poor positives could be obtained 

In general, the more alkaline the developer, the stronger 
the positive and the weaker the negative image obtained. 
The effect of the thiourea compounds seems to be dependent 
very largely on the pre.sencc of a large amount of alkali. 
With some plates (vSeed Process, Lumiere Blue Label, and 
V'ulcan) the amount of carbonate in the developer above 
mentioned, which was excellent for the Cramer Banner X, 
must be con.siderably increased to get the best re.sults With 
Seed Lantern Slide Plates, the best results were obtained by 
reducing the sulphite and diluting the developer. With 
adurol the amount of carbonate required was four times that 
recommended by the manufacturers for development of the 
negative, or more than that recjuired for the regular hydro- 

’ Mr. Pcrlcy has since informed rae that this should l>e the cryslallinc salt, 
but we understood from his paper it was the anhydrous salt, and so used that. 
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chinon developer. Less than the proper amount of carbonate 
in any developer produces hybrids; more produces brown fog. 
The color of the resulting image is also dependent on the amount 
of carbonate in the developer, as well as the amount of sul- 
phite, the developing agent, temperature, time of development, 
and brand of plate. 

One strange thing about the process is the relatively 
large amounts of potassium bromide that are required to 
produce any restraining effect on the developer. It requires 
cubic centimeters where one would use drops in the ordinary 
development. As much as 7 cc of a 10 percent solution has 
been used in 100 cc of the mixed developer (i part A, i part 
B, 2 parts thiourea solution), the only effect apparent being 
increased time required for development. If thiourea be 
used the addition of some bromide is advantageous, and the 
same is true of tetra-thiourea-ammonium bromide, but tetra 
thiourea-ammonium chloride seems to work better without 
any restrainer. Acetone sulphite was a vigorous restrainer, 
but seemed to hold back the half-tones more than the shadows, 
tending to give harsh results. Potassium iodide was a very 
much more powerful restrainer than the bromide; the latter 
being easier to control was generally used when a restrainer 
w'as necessary. 

The tetra-thiourea-ammonium bromide, recommended by 
Waterhouse, but apparently not tried by Perley or other in- 
vestigators, was very much superior to the simple thiourea, 
giving clearer and better positives. Most of the w'ork was 
done with it. The corresponding chloride salt, however, 
appears to be better still, and works without a restrainer. 
The iodide was not very satisfactory. All the.se salts were 
prepared according to the directions of Reynolds.* We 
would prefer the chloride, as far as our experience goes, although 
the bromide is a great improvement on the plain thiourea. 

One of the most important factors in the process is the 
temperature of the developer, and this appears never to have 

* Jour. Chcm. Soc., 59, 384 (1891). 
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been noticed by any one. Control of all the other factors 
failed to give us reproducible results until the temperature 
was considered. For the method recommended by Perley 
(bathing in thiourea solution, with subsequent development) 
the best results were obtained at about 24°, much lower 
temperatures (18 to 20° C) giving hybrids, while higher 
temperatures (28 to 29°) gave very strong positives, with a 
heavy brown fog. This fog was troublesome at all times 
with this separate-bath process, unless the temperature was 
so low that the negative image came up so strongly as to make 
the result a hybrid. In the use of the thiourea or its com- 
pounds in the developer, as we prefer, the temperature may 
vary from 12 to 20° C, but temperatures of 15 to 18° C 
(60 to 65° F) seem to give the best results. Higher tempera- 
tures result in rapid development, with prcxluction of fog; 
low temperatures decrease the speed of development, and 
especially the development of the positive. At temperatures 
as low as 7° C the negative image could be developed, but 
no positive image was obtained below about 1 1 ° This effect 
of tem])erature seems to be independent of the effect of all 
the other variables. 

As indicated above, wc find that we obtain much better 
results by mixing the solution of the thiourea compound 
with the developer in the proportion of 1 : 1 than by using 
it as a separate bath. In the latter case more trouble is found 
with fog, the results are more irregular, and tend to be s})otted, 
the time of development and the difficulty of control are in- 
creased. Using the two solutions together, development is 
much the same as in the ordinary process, except that it takes 
less time. 

The following procedure is recommended for the de- 
velopment of positives on the Cramer Banner X plate : The 
exposure is made in the ordinary way, and should be a little 
longer than for the production of a negative. Double the 
normal exposure w'ill usually be about right. The hydro- 
chinon developer recommended on a previous page is used, 
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mixing one part of A, one part of B, and two parts of a i : looo 
solution of either thiourea, tetra-thiourea-ammonium bromide 
or tetra-thiourea-amnionium chloride, preferably the latter. 
If thiourea is used, 0.5 cc of 10 per cent potassium bromide 
are added per 100 cc developer; if the ammonium bromide 
compound be used, 2 cc of the bromide solution per 100 cc 
developer, while if the amniotiium-chloride compound is 
used no restrainer is needed. 

Develop as usual, keeping temperature of developer be- 
tween 15 and 18*^ C; the negative image first appears, then 
the plate appears to fog, and soon the positive image can be 
seen by transmitted light. Care must be taken not to over- 
develop, as the positive image will be quite strong. Rinse, 
fix, and wash as usual. If the negative image is too strong, 
it indicates over-exposure; the plate may be reduced slightly 
with the Farmer reducer. A foggy positive, with practically 
no negative indicates under-exposure, if the temperature 
of the developer has been kept within the proper limits. 
Development is rapid, being usually complete within four 
minutes. The positive image is characterized by its color; 
with the above conditions it will be red, warm sepia, or purplish 
red. The negative image is black and very transparent. 

For making lantern-slides, the exposure will, in general, he 
less than that required to make a negative under the same 
conditions, and the developer should be diluted with an equal 
volume of water. If, however, the subject to be reproduced 
be a line-drawing, full strength developer and normal exposure 
may be used, followed by slight reduction. This will give 
excellent contrast. In fact, the principal fault of the process 
from the view^point of the slide-maker is the large amount of 
contrast obtained; the range from high-light to shadow^ is as 
great as in a good negative, consequently the slides of scenes 
tend to be too heavy in the shadow^s. This defect is minimized 
if an ordinary plate is used instead of a lantern-slide plate. 

Excellent positives have been obtained on films from an 
Eastman Film-pack. They were made with the regular 
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developer, using the tetra-thiourea-ammonium chloride. The 
gradation and density thus obtained were excellent, and the 
films would make good lantern-slides. 

For Cramer Crown, Seed 26 and 27 plates the procedure 
recommended for the Cramer Banner X plate is satisfactory. 
For Seed process plates, 4 g anhydrous sodium carbonate 
should be added to each 150 cc of the normal developer above 
recommended, and for Lumi^re Blue Plates, 6 g carbonate 
per 150 cc developer. The latter brand of plate did not give 
us very satisfactory positives under any circumstances; 
we are inclined to believe that the lot which we used had been 
kept too long before we obtained them. 

The process works well with the Lumiere Autochrome 
plate, using the normal developer diluted with an ecpial amount 
of water, hut the strong red color of the image spoils the color 
rendering, so until this color can be modified the process does 
not seem to be applicable to this plate. In the earlier part 
of our work, rather remarkable results were obtained with 
these plates, by bathing them for one minute in i : 1000 
thiourea solution before developing, and using the regular 
nictotiuinone developer and reversing solution recommended 
by the manufacturers Results obtained indicated that good 
plates could be obtained with about ‘ „ of the exposure other- 
wise necessary These plates were made in the laboratory, 
the strength of the light being controlled by observations 
with the Watkiirs Bee Meter. However, recent attempts 
to duplicate these results on short exposures out-of-doors have 
been unsucce.ssful. 

Summary and Conclusions 

The conditions for successfully carrying out the Water- 
house proccvss of producing positives have been carefully studied 
and are given in detail. The most important of these is the 
temperature of the developer. 

The double salts formed by thiourea with ammonium 
bromide and chloride work better than the thiourea itself. 
The amount of restrainer used varies with the salt used. 
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The character of the developing agent and the quantity 
of alkali in the developer play an important part in the pro- 
cess; a strongly alkaline hydrochinon developer is recommended 
and the thiourea solution should be mixed with this as needed 
for use. 

The. process gives positives of excellent detail, with about 
the gradation and density of a first-class negative. The ex- 
posure is relatively short, being about double that required 
for the production of a normal negative. 

University of MtnncsoUi, 

Minneapolis 



THE PRESENT CONDITION OF COLOR PHOTOG- 
RAPHY^ 


BY HERBERT E. IVES 

The past five years have been noteworthy in the history 
of photography as marking the appearance of processes of color 
photography which have, in the fullest sense, been practicable 
and have been used extensively by the professional and the 
amateur photographer. While there is yet to be seen the simply 
produced print on paper which, to the popular mind, can alone 
deserve the name of color photograph, still pictures are now 
tolerably common which need neither an instrument to render 
them visible, nor delicately arranged conditions of viewing. 
It must he said, however, that in correctness of color rendering, 
no advance has been made on the three-color reproductions 
.shown by F. K Ives twenty years ago in the Kromskop, 
nor over some of the most perfect examples of the Lippmann 
process of almo.st the .same age Recent developments have 
all been tow'ard simpler or popularly more acceptable means 
of achieving the same result 

It will be most feasible to discuss progress in color pho- 
tography after making a classification of the various methods 
into direct and indirect methods (the latter again may be 
arranged under various sub-heads, as is done below ). Con- 
sidering, now’, direct methods of color photograpliy, there is 
but one illustration the Lippmann or interference process. 
Because of extreme delicacy of manipulation, and because 
it is subject to disturbing influences, it has been used success- 
fully by very few' Some w^ork, however, has been done with 
it comparatively recently. H. Lehmann, Cajal and H. E. 
Ives have made studies of modes of preparation of the sensi- 
tive film, of the action of the different developers, and by means 
of sections of the film, of the action of various types of light. 

^ A paper read before the Eighth International Congress of Applied 
Chemistry in New York, September, 1912. 
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These have, in the main, confirmed the beautiful scientific 
theory which underlies this method. Hie last named investi- 
gator, by using certain slow, clean-working developers, and by 
bleaching with mercuric oxide, has produced films containing 
hundreds of reflecting surfaces and possessing a resolving power 
sufficient to reproduce spectral colors with great purity. 
Lehmann has developed a special color screen for taking inter- 
ference pictures, in which are three maxima of transmission 
whereby whites are produced by a set of laminae instead of by 
a diffuse deposit, which latter frequently possesses a single 
maximum of reflection, corresponding to the center of the 
sensitive region of the plate, or to green. Some substitutes 
have been proposed for the mercury mirror originated by Lipp- 
man, but no attempts to simplify the process in this way have 
encouraged many to use it. The interference process seems 
in fact fated to remain only a beautiful scientific demonstration. 

Indirect processes of color photography are those in which 
the color is not produced in the picture by the action of light, 
but is added either by instrumental means or by colored media, 
such as dyes. These processes naturally fall into two classes: 
one, represented by the prismatic dispersion process, in which 
the actual spectral composition of the original color is copied ; 
the other, those making use of the physiological characteris- 
tics of the eye, whereby colors may be reproduced subjectively 
by the objective mixture of others. The first processes arc 
at present confined to several schemes originated by Lan- 
chester and others, whereby the image of the object photo- 
graphed is spread out into a large number of narrow' ad- 
jacent spectra, by the combination of a prism with an opaque 
line grating. The positive from the negative thus obtained 
is then viewed through an instrument similar to the camera. 
The images of the narrow spectra act as templates, trans- 
mitting more or less of the spectral colors to the eye at differ- 
ent points on the image. Thus an exact reproduction of the 
acting light is obtained, and the colors are reproduced in such 
a manner that they appear correct to all observers no matter 
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what their peculiarities of color vision. The necessity for 
using a viewing instrument and of accurately adjusting the 
linear spectral images to their spectra are, of course, dis- 
advantageous from the practical or commercial standpoint. 

With these brief notices of direct color photography, 
and indirect by spectral analysis and synthesis, we come to 
those processes which have produced, by far, the most promis- 
ing and practical results, namely, the color mixture processes, 
which practically reduce to various forms of the three-color 
process. The theory of three-color photography, first put 
into scientific form by Maxwell, and later developed by F. E. 
Ives, may be outlined as follows: By experiment on colof 
mixture, it has been found that all colors of the spectrum 
may be reproduced as to hue (but not ab.solutely as to satura- 
tion) by mixtures of three spectral colors— a red, a green and 
a blue. According to the experimental w'ork of Koenig, and 
the theory known as the Young-Helmholtz theory, the facts 
of color mixture may be represented by the assumption of 
three so-called primary color sensations, red, green and blue, 
none of which are present in full purity in the spectrum. 
It is, however, possible to select from the .spectrum the three 
colors in which each of the three sensations are present with 
least admixture of the two others, or it is possible to select 
three colors which in their mixture introduce least degradation 
of purity, that is, least admixture of white (either on the whole 
or in colors considered most important). Having selected 
three primaries conforming to the latter requirement, it is 
possible to obtain color mixture curves, giving the mixing 
proportions of these selected primaries which shall reproduce 
the spectral colors. If, now', three negatives are made, in 
each of which the distribution of photographic action through 
the spectrum is as given by one of the mixture curves, then 
these three negatives, or the positives from these, when suit- 
ably viewed by the three primary colors, and combined, will 
reproduce to the eye the original object. It is thus seen that 
the theoretical requirement is for negatives taken through 
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screens in which all the spectral colors are transmitted in cer- 
tain proportions which represent the color and luminosity 
values, and for the viewing of the resultant positive by three 
colors which are only narrow isolated portions of the spectrum. 
Any departure from this latter condition means the use of 
primaries which, in their mixtures, either introduce more than 
the minimum possible amount of white, or else restrict the 
hue range. 

The practically exact attainment of the conditions just 
outlined was actually reached in three-color projection, and 
in instrumental synthesis in the Ives-Kromskop twenty years 
ago, and no more perfect results have since been achieved. 
Recent progress in three-color photography has been along 
the lines of simplification of procedure, often, however, made 
possible by some compromise with the theoretical require- 
ments. 

The most prominent tlmee-color processes now are those 
known as “screen plate,’’ of which the Lumitire Autochrome, 
Dufay and Warner- Powrie are examples. Their common 
characteristics, from which the name is derived, are, first, 
a mosaic screen of the three taking color .screens, second, the 
negative emulsion superposed on this screen, and, third, the 
necessary practice of reversing the negative, in order to secure 
a positive, which, lying as it does in intimate contact with the 
mosaic screens, owes its color to the light transmitted by the 
complex color screen. The color photograph is a transparency, 
and from the manner of its production is unique and incapable 
of simple copying. The same mosaic of color screens is used 
for viewing as for taking. This entails a compromise: the 
constituent colors are made less pure than they should be for 
viewing purposes, more pure than they should be for taking. 
That this compromise causes a loss in fidelity of color render- 
ing is unquestionable. Photographs of certain pure colors, 
such as a spectral yellow, which reproduces as red, show this 
only too plainly. Still, as most colors in nature are far from 
pure, and as the eye is marvelously adaptable to changes of 
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color scale and saturation, this compromise is much less ap- 
parent in the results than might be expected. Beautiful 
color photographs, chiefly taken by the Lumi&re process, 
are now rather frequently to be seen. 

The various screen plate processes differ in their mechan- 
ical details. In the Autochrome plate the components of 
the screen are dyed starch grains, mixed in proper proportion 
to produce a gray and then strewn on the plate. In most of 
the other processes various lines or other geometric patterns 
predominate, some made by ruling processes, others— notably 
the Wanier-Fowrie- made by gelatine bichromate printing 
and subseciucnt dyeing An advantage of the linear elements 
in the Warner- Povvrie Screen is that the negative may be used 
for making structureless positives by a process of parallax 
printing. The irregular structure of the Autochrome plate 
keeps more than a portion of the transmitted light from being 
available for contact printing on another plate, or on a bleach- 
out paper. 

Another development of the three-color idea which has 
I)roduced interesting results, and which may be expected to 
produce more in the future, is that of complementary color 
printing, either as transparencies or as prints on paper. The 
theory underlying this method of working is the same as be- 
fore, but the different mode of approaching the problem calls 
for a different set of colors. Instead of adding colors to pro- 
duce w'hite, the print processes start with white and build 
up by successive absorption until they reach black. The 
colors required are minus colors; that is, the nearest approach 
possible to the color obtained by subtracting each of the 
three constituents of a three-color white, colors which shall 
also, w'hen taken together, produce black. These are minus 
red, or peacock blue, minus green, or pink, and minus blue, 
or yellow. The first pictures of this sort were obtained by 
printing the three negatives on bichromated gelatine. After 
development the three prints were stained with appropriate 
dyes and superposed, making excellent transparencies. Recent 
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forms of this process are due to F. E. Ives. One process origi- 
nated by him has for its essential characteristic the use of 
bichroma ted fish glue for the printing surface, whereby very 
shallow reliefs can be obtained. A later process uses gelatine 
bromide plates into which a quantity of yellow dye is incor- 
porated, which again serves the purpose of keeping the relief 
shallow, so that the soaking up of dye-stuff can be accurately 
controlled. 

Two processes carry three-color printing to the form of 
prints on paper. These are the Koenig Pinatype process 
and the Sanger Shepherd imbibition process. These both 
make prints in gelatine, which are transferred by squeegeeing 
to a gelatine-faced or blotter-like paper. 

Another printing process of great interest is the bleach- 
out process, known as Uto. The central idea of this is the 
use of a paper coated with a mixture of three dyes of minus 
color which, together, produce black. Each dye has the 
property of being faded by its complementary color of light. 
Consequently, when exposed to a colored image ""all colors 
from black to white (complete fading) are attainable. The 
technical difficulties in the way of this clever idea are many, 
but a paper has actually been produced upon which prints 
from color transparencies have been made. At present, 
however, this process is not a serious rival to the screen plate. 

Various cameras for the production of three-color nega- 
tives continue to be devised, but their details involve no 
strikingly new departures other than what may be termed 
mechanical ones. The use of the screen plate has led atten- 
tion away from special cameras, but the possible development 
of improved three-color print processes may direct the ingenuity 
of inventors back to the problem of securing three negatives 
from one point of view in some simple and compact camera. 



THE SILVER EQUIVALENT OF HYDROQUINONE* 

BY M. A. GORDON 

One molecular weight of hydroquinone is said by 
Andresen to reduce two molecular weights of silver bromide 
when no sulphite is present* and four molecular weights when 
sulphite is present.* The actual figures given by Andresen work 
out about 4.38 instead of 4; but that is of no importance at 
present. Reeb‘ dissolved silver oxide in a 10 percent sodium 
sulphite solution and found that one molecular weight of 
hydroquinone precipitated eight molecular weights of silver. 
We apparently have the following results : 

I M hydroquinone - 2M Ag (AgBr) 

I M hydroquinone = 4M Ag (AgBr and Na^SOj) 

I M liydroquinone 8M Ag (AgjO dissolved in Na^SOj) 

Quite different results were obtained by Mees and Shep- 
pard* in their study of the chemical reactions of the hydro- 
quinone developer. 

“ In recent years the work of Andresen, Bogisch and others 
on development with organic reducing agents has shown that 
additions of sulphite and of alkali have a direct and hitherto 
unsuspected effect on the reaction. Thus Andresen" has 
shown that the sulphite takes part directly in the reduction. 
One of the products, that he obtained after a prolonged de- 
velopment with hydroquinone, was a substance resembling 
a quinone but containing sulphur. Andresen considered 
this to be a quinone sulphonic acid. He believes that de- 
velopment takes place according to the following equation; 
4AgBr 4 - C,H^(C)Na), f Na^St), = 4Ag -t 4NaBr -t C„H,(),.S()3H. 

' Based on a paper read before the Eighth International Congres.s of 
Applied Chemistry in New York, September, 1912. 

* Edcr’s Handbuch der Photographic, 5th cdiiion, 3, 312 (1903). 

® Namias: Chimie photographique, 264 (1902). 

'‘Reiss: Die Entwicklung dcr photographischen Bromsilbcrtrockcn- 
platte und die Entwickler, 30 (1902). 

* Zeit wiss. Photographic, 2, 5 (uyoi), 

•Andresen: Phot. Correspondenz, 37, 197 (1900). 
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Writing this in terms of ions, as Friedlander does, we 
have: 

4Ag- + CeH,0/ + 2Na- + 2Na- + SO*' = 4Ag + QHgOjSO.' + 

4Na*. 

“To determine whether the hydroquinone developer is 
reversible when no sulphite is present, Friedlander* exposed 
plates in a Scheiner sensitometer and developed them in a 
hydroquinone potash developer with and without addition of 
quinone. He found that the developer, to which quinone had 
been added, developed at least as rapidly as the one con- 
taining no quinone. He also found that quinone reacted 
with potash to form hydroquinone, a result previously ob- 
tained by Bogisch. 

“The following experiments confirm this completely and 
also throw some light on the reaction. 

I. Development with Hydroquinone is a Reversible Re- 

action 

“A fifth normal potassium bromide was saturated with 
quinone at 20° by prolonged shaking. In 25 cc of the satu- 
rated solution were placed two plates of known density, 
1.62 and t.52 according to Hurter and Driffield. After 24 
hours the plates were taken out, fixed, and washed. They 
were perfectly transparent, but the gelatine was stained a 
deep red. Even under the microscope, no particles of silver 
were to be seen. The solution had bleached the silver com- 
pletely. Dike the gelatine, the solution was a deep red color. 
There was no odor of quinone. This experiment confirms the 
following equation ; 

2Ag 4- 2Br' f 2K- + C„H,()., 2AgBr + C„H,0./' -i 2K-. 
While this reaction was taking place, the hydroquinone solu- 
tion was oxidized by the air, whence the reddish brown color. 

II. Free Potash— of Free Hydroxyl Ions — displace the 

Equilibrium in I Completely 

“ Friedlander’s experiment was repeated in the following 


Friedlander: Phot. Correspondenz, 39, 252 (1902) 
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way, using a developer having the composition : 

i.i gram C^U^(On\ 

2.5 gram KOH 
i.o cc 2N KBr 
100 cc HgO 

Two plates were exposed simultaneously in a Hurter 
sensitometer and were developed in solutions A and B : 

A. 50 cc solution -f 25 cc H/) 

B. 50 cc solution 4 25 cc saturated quinone solution 

‘‘Development took place very rapidly and both images 

appeared almost instantaneously. At the end of three 
minutes the plates were fixed and washed. There was only a 
slight difference between their densities; but the plate de- 
veloped in the solution to which quinone had been added, was 
slightly darker than the other. Both plates were deeply 
colored. Addition of caustic potash to a saturated ciuinone 
solution turns it reddish brown, destroys the smell of quinone, 
and makes the solution a powerful developer * This reaction 
was studied further because it seemed possible that caustic 
potash might be changed into potassium peroxide by quinone. 
To test this, caustic potash was added to a saturated (luinone 
vSolution, to which was then added a solution of potassium 
bichromate and sulphuric acid When the whole was shaken 
with ether, the reddish brown color prevented the result from 
being seen. In order to get a reaction which was under better 
control and which was less affected by atmospheric oxygen, 
an excess of potassium carbonate was added to an acidified 
quinone solution After the evolution of carbon dioxide 
had ceased, caustic potash reacted with the quinone as before. 
After adding acidified bichromate and extracting with ether, 
a deep blue ether extract was obtained, thus proving the 
occurrence of hydrogen peroxide, a fact which was also estab- 
lished in other ways. The ether was taken from a full bottle 
and a blank test w^as made for peroxide. 

“Hydroquinone can be extracted with ether and the 
reaction between quinone and caustic potash - or hydroxyl 

‘ Cf. Fricdlandcr: Phot. Correspondenz, 39, 252 (1902). 
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ions — must take place according to the equation; 

+ 2OH' + 2K‘ ^ C,H, 0 / + 2K' + H,0, 

This equilibrium is displaced by atmospheric oxygen. 

111. The Equilibrium in the Developer is displaced by 

Sulphite 

“The part played by the sulphite has already been 
mentioned. When a neutral sodium sulphite solution is 
added to a quinone solution, a reaction takes place giving 
rise to a greenish yellow color which gradually disappears 
when sulphite is added in excess. This seems to be due to the 
formation of quinhydrone. The resulting solution acts as a 
developer. 

“ If sodium sulphite and caustic potash are both added to a 
quinone solution, the solution becomes colorless and soon 
loses all odor of quinone, at the same time becoming a power- 
ful developer. In order to study this reaction more thor- 
oughly, a quinone solution was added to a sodium sulphite 
solution which had been freed so far as possible from sulphate. 
On extraction with ether, hydroquinone w^as obtained and 
identified. The aqueous solution gave no more precipitate 
with barium chloride than did a check solution, but dithionic 
acid could be detected in it. The reaction between quinone and 
sulphite consists therefore in the reduction of quinone to hydro- 
quinone and the oxidation of sulphite to dithionate. The re- 
action probably should be written as follow’s : 

+ 2803" + 4Na- = C,H, 0 / aNa’ -h S/)/' 4 - 2Na’. 

We were not able to determine w^hether this reaction was or 
was not reversible.* 

“The formation of dithionate in this w’ay is analogous 
to many other oxidations of sulphurous acid. Carpenter* 

^ K. Schaum obtained no satisfactory measurements of the oxidation 
potentials of mixtures of sulphite and sulphate. Zeit. Elektrochemie, 7, 483 
(1901); 406 (1903)- It would be interesting to have measurements of the 

potentials of sulphitc-dithionate cells 

* Jour. Chem. Soc., 81, i (1902). See also Meyer: Ber. chem Gcs. 
Berlin, 34, 3606 (1901). 
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investigated the oxidation of sulphurous acid by metallic 
oxides and gives the following table : 


Oxide 

Percent dithionate | 

Per cent sulphate 

Iron 

96 0 

not observed 

Manganese 

! 95 0 

25 

Cobalt 

1 36 . 0 

64 

Nickel 1 

1 0.0 

100 


“We have not followed the reaction quantitatively with 
quinone; but there seems to be extremely little sulphate 
formed. vSimilarly, Bassett’ found that sulphurous acid is 
oxidized to clithionic acid when chromates are reduced by 
sulphur dioxide. This seems to indicate that it is incorrect 
to assume, as Andresen did, that the sulphite reaction is given 
by the equation : 

The substitution of the SO3H group in the benzene nucleus 
is usually to be brought about only at high temperature and 
by the use of concentrated sulphuric acid. 

“These two quinone reactions are of great significance for 
the following three points ; 

1. The process of organic development. 

2. The autoxidation of phenolates. 

3. The protective actum of sulphite and its effect in [)re venting 

discoloration. 

1. The Development with Organic Reducing Agents 

“The action of alkali -or of hydroxyl ions consists 
essentially in forming the highly dissociated salts of the 
organic developers and in thus increasing the concentration 
of the reducing ions. It is now clear that the presence of 
hydroxyl ions destroys completely the reversibility of de- 
velopment by hydroquinone. The following observation 
indicates that the same thing is probably true for other 

^ Jour. Chem. Soc., 83, 692 ( 19*^3) • 
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organic developers. E. Diepolder* found that the oxidation 
of o-aminophenol by potassium ferricyanide gives rise to a 
mixture of triphendioxazin and 3-oxybenzolazoxindon : 

C.H/ >C,H,O.OH 

\n^ 

(which is the tautomer of phenoxazin-2,3-quinone). When 
treated with caustic potash o-aminophenol and dioxyquinone 
are formed, doubtless by reactions analogous to the one in- 
volved in the reduction of (juinone. One might think that the 
alkali peroxide, when formed, w’ould take part in the de- 
velopment just as much as the regenerated reducing agent, 
since it has been shown by LeRoy^ and by Andresen’ that an 
alkaline solution acts as a developer. It is probable that the 
presence of sulphite prevents this, since the sulphite is oxidized 
rapidly by peroxide. 

“The successive reactions make the determination of the 
‘absolute reducing power’ of organic reducing agents very 
difficult. The determination of the mechanism and of the 
velocity function is further complicated by the fact that the 
rate of the primary, typical reaction, 

(a) zAg- + + 2Na- 2Ag + 4- 2Na- 

is effected by the later reactions, ^ 

(/>) -t 2 f)H' - f H,(), 

(c) -I 2S()/ -= C„H,(V' f vS/V' 

unless the latter take place with a velocity which is infinitely 
large relatively to that of (a). 

“ At present it is impossible to formulate a general theory 
for organic developers because the decomposition products 
are but rarely known. The papers of Diepolder® and of 

* Ber. chem. Ges. Berlin, 35, 2816 (1902). 

- Bull. Soc. fran?. phot., [2] 10, 23 (1894). 

* Phot. Correspondenz, 36, 260 (1899). 

* V. G. Walker: Proc, Rcjy. Stjc. Edin., 22, 22 (1897). “Velocity of 
Graded Reactions.*’ 

* Ber. chem. Ges. Berlin, 35, 2816 (1902). 
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Bamberger and K, Auwers* are important in their bearing 
on this point.” 

It is clear that Mees and Sheppard consider that hydro- 
quinone reacts with silver bromide in presence of alkalies 
according to the equation, 

C„H,(()K)j 4 2AgBr = 2Ag ^ QHA + 2K;Kr. 

In presence of an excess of alkali, the quinone forms the 
potassium salt of hydroquinone, and hydrogen peroxide, 
QH.Oj 4 2KOH - QH4(OK)j 4 H./),. 

Since both hydroquinone and hydrogen peroxide reduce 
silver bromide in alkaline solution, there is no apparent 
reason why these changes should not go on forever, in which 
case a given amount of hydroquinone would reduce an in- 
definite amount of silver bromide. A fair statement of Mees’s 
view would be that, in the absence of air, a solution of hydro- 
((uiiione would reduce any amount of silver bromide, were 
it not for side reactions which probably occur. 

Under the circumstances it seemed as though more ex- 
periments were desirable. The silver bromide was prepared 
by precipitation from a solution of silver nitrate with a slight 
exce.ss of potassium bromide. The precipitate was washed 
until the wash Avater was free from soluble bromides; it was 
then dried at 110°, ground, and sifted through a 40 mesh 
sieve. No special care was taken to protect the silver bromide 
from diffused light because the amount of decomposition due 
to this cause falls way inside the limits of experimental error. 
A given amount of alkaline hydroquinone solution was allowed 
to react with an excess of silver bromide for a given time. 
The solution was then filtered through a (looch crucible and 
the silver-coated silver bromide was washed with water to 
which a little potassium sulphate was added in case the silver 
or the silver bromide showed any tendency to go into col- 
loidal suspension. The potassium sulphate coagulated any 
.suspended silver or silver bromide. When the washing was 
completed, the silver bromide and the asbestos of the Gooch 

‘ Ber. Chem. Ges. Berlin, 33 (1900) et flf. 
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crucible were treated with i : i nitric acid. The dissolved 
silver was then titrated with JV/2 NH^SCN, using ferric alum 
as indicator. 

The first runs were made to determine the conditions 
affecting the reaction between silver bromide and hydro- 
quinone. ’ A very few experiments showed that stirring or 
shaking was essential if complete reduction was to be ob- 
tained. This is not surprising because we are dealing with a 
reaction in a heterogeneous system and consequently rate of 
diffusion would naturally be an important factor. The 
machine, which was used to keep the solutions stirred, con- 
sisted of a reduction gear run by an electric motor. The 
reduction gear was fitted with a face-plate which was rotated 
at the reduced speed. A wooden disc was bolted to this face- 
plate and the bottle (of about 25-30 cc capacity and closed 
with rubber stoppers) containing the solution and silver 
bromide were fastened to the outer edge of the disc. As this 
disc revolved’, the contents of the bottles were kept stirred 
by the silver bromide falling from one end of the bottle to the 
other. ‘ 

The experiments in Table I show how necessary stirring is. 

Table I 

Hydroquinone 0.1 1 gram, Na(JH 2.2 gram, in 25 cc. 

Excess of AgBr. Temperature, ca. 20° 

Conditions 
Not shaken at all 


Shaken by hand 


Shaken by machine 


^ Special exporinients showed that the small volume of air left in the 
bottles did not introduce any serious error. 


1 Time 

1 

i i 

j Mols Ag reduced per 

1 mol hydroquinone 

1 

1 1 

j 1 <iay 

4 19 

2 days 

4 13 

I 3 days 

4.76 

j 3 days 

5 48 

3 days 

5 20 

3 days 

5 16 

6 hours 

6,38 

6 hours 

6.38 

6 hours 

6.58 
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Experiments on the effect of temperature are given in 
Table II. In these runs the bottles were shaken occasionally 
by hand. They show the effect just as well as though the 
shaking had been done by machine and consequently it did 
not seem worth while to make a thermostat with a rotating 
device for this work. 


Tahle II 

Hydroquinone o.ii gram, NaOH 2.2 grain, in 25 cc 
Exces.s of AgBr. Shaken by hand 


Temperature 


Time 


Mol Ag reduced per 
mol hydroquinone 


ca. 20 
05-70° 
95 -100° 


() hours 
30 mins. 
6 hours 


5 69 

8 o 

9 29 


From these experiments it is clear that the reaction 
velocity increases rapidly with rising temperature. 

A few experiments were made to determine whether 
light had any marked effect on the reaction. The data are 
given in Table III. 


T.vm.ii III 

.-V. Hydroquinone 0.1 1 gram, NaOH 2.2 gram, in 25 cc 
B. Hydroquinone 0.055 gram, NaOH 2.2 gram, in 25 cc 
Excess of AgBr. Temperature, ca 20° 


Sol. 


Conditions Mol Ap reduced per 

mol hydroquinone 


A Solution exposed only to diffused light 5 84 

A Solution exposed to .sunlight 5 69 

B ; AgBr not exposed 6 05 

B I AgBr blackened by light 6.05 


The two sets are not comparable one with another; but 
the two experiments with solution A are comparable and so 
are the two experiments with solution B. Light has little, 
if any, effect on the reaction. It is not claimed that equilib- 
rium was reached in these experiments. 
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The experiments in Table IV show the effect of alkali 
on the rate. 


Table IV 

Hydroquinone 0.055 alkali variable, in 25 cc 

Excess of AgBr. Temperature, ca. 20° 


Approx, mol alkali per 
mol hydroquinone 


Mol Ag reduced per 
mol hydroquinone 


10 Mol Na2C()3 
10 Mol NaOH 
1 00 Mol NaOH 


3-8 

5-5 

6.4 


The rate increases with increasing concentration of alkali. 
In all experiments a large excess of alkali was used. 

Several runs were made to get some idea of how' soon 
equilibrium is reached. In all of these runs a little fresh 
AgBr w'as added once or twice daily so as to be certain that 
there should always be a comparatively clean surface of silver 
bromide exposed to the hydroquinone. The results are 
given in Table 


Tahi.u \' 

Hydroquinone 0.1 1 gram, NaOH 2.2 gram, in 25 cc 
Excess of AgBr. Tem])eratnre, ca 20° 

Mol Ag reduced per 
mol hydroquinone 

6 ^8 

6 58 
7.8 

7 95 

8 06 

Kqiiilibrium has not certainly been reached even at the 
end of eighteen days. From this experiment and from ex- 
periments covering shorter lengths of time, it seems probable 
that the reaction goes in at least two stages. In the first 
stage about six molecular weights of silver are reduced in a 
short time, wdiile the second stage requires a much longer 


Time 


(y hours 
6 hours 
8 days 
15 days 
18 days 
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time, equilibrium not having been reached definitely in 
eighteen days. At ioo° more than nine molecular weights 
of silver were reduced in 6 hours even though the stirring 
was less efficient. Of course, there is no certainty that the 
endpoint is the same at ioo° as at 20°. It may easily be that 
the reaction runs farther at the higher temperature. 

Since quinone is presumably one of the oxidation products 
of hydroquinone, it seemed desirable to determine the 
silver equivalent of quinone under similar conditions. The 
data are given in Table VI. 


Tabi.b VI 

A Hydroquinone o. ii gram, NaOH 2.2 gram, in 25 cc 
B. Quinone 0.108 gram, NaOH 2.2 gram, in 25 cc 
Excess of AgBr. Temperature, ca. 20° 


Sol 


Reducing agent 


Mol Ag per mol 
reducing agent 


B 

B 

A 

A 


Quinone 

Quinone 

Hydroquinone 

Hydroquinone 


4 70 

4 85 

f) 38 
6 58 


From these experiments it appears that hydroquinone 
reduces nearly two more molecular weights of silver bromide 
than does quinone while theory calls for a difference of exactly 

Tabuv VII 

Hydroquinone 0.055 gram, NaOH 2.2 gram, in 25 cc 
Excess of AgBr. Temperature, ca. 20° 

M. S. = mol sulphite per mol hydroquinone 
M. Ag = mol Ag reduced per mol hydroquinone 


Time 

M.S. ; 

M. Ag 

Time 

M.S. 

M. Ag 

4.5 hours 

0 i 

6 2 

18 days 

' 0 1 

7()3 

4.5 hours 

2 

7 95 

18 days 

0 

7.68 

4.5 hours 

5 : 

8 25 , 

18 days 

‘ i 

7 76 

4.5 hours 


8 15 

18 days 

1 ! 

7.68 

4.5 hours 

0 1 

6 4 : 

18 days 

! 5 j 

8 4 

4.5 hours 

5 1 

8.4 i 

18 days 

* 10 

8.94 

4.5 hours 

10 1 

8.38 , 

x8 days 

i 10 1 

8.94 
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two provided equilibrium is reached. These experiments 
make it reasonably certain that the quinone is an inter- 
mediate product when hydroquiaone reduces silver bromide. 
It is also very improbable that there is any regeneration of 
hydroquinone under these conditions. 

In Table VII are given data for the silver equivalent of 
hydroquinone in presence of sodium sulphite. 

When sulphite is present, the silver equivalent is only 
a little higher at the end of days than it is at the end of 
4.5 hours, thus showing that at any rate the first stage of the 
reaction takes place fairly rapidly. For runs of 4.5 hours 
about two more molecular weights of silver are reduced when 
sulphite is present in excess than without it. On the eighteen 
days’ run this difference drops to about one molecular 
weight of silver. Since this change is due to an increase in 
the silver equivalent when no sulphite is present, it is prob- 
able that the reaction proceeds along different lines when 
sulphite is present. In the short runs the silver ecjuivalent 
is practically the same for amounts of sulphite varying from 
five to fifteen molecular weights per molecular weight of hydro- 
quinone. 

In order to determine whether the increased silver equiv- 
alent in presence of sulphite was due to an oxidation of the 
sulphite or to an increased reducing action of the hydro- 
quinone, a determination was made of the amount of sulphite 
left in the solution. After the reaction had been allowed to 
run as long as wished, the solution was poured through a 
Gooch filter and the mixture of silver bromide and silver was 
washed. The filtrate was transferred to a small round- 
bottomed flask of about 150 cc capacity, which was fitted with 
a separatory funnel and with a glass tube which led to a series 
of two U-tubes containing half normal iodine solution. To 
the solution in the flask was added about 15 cc concentrated 
sulphuric acid containing sufficient silver sulphate to react 
with any hydrobromic acid set free on acidifying. After 
all the acid had been added, carbon dioxide was run through 
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the apparatus and the flask was heated to drive off all the 
sulphur dioxide, which was then taken up by the half-normal 
iodide solution in the U-tubes. A third U-tube, containing 
potassium iodide solution, was placed at the end of the series 
to take up any iodine which might be volatilized and driven 
over from the other two tubes. The amount of sulphite 
could be determined from the change in the tiler of the iodine 
.solution. This method of analysis is not very accurate but 
the data in Table \TII seem to show that one molecular weight 
of sulphite has been oxidized and that the extra two molecular 


w'cights of silver are due to this cause. 



T\hlk VIII 


Conditions 

Mol sulphite taken 

, Mol sulphite oxidized 

Blank 

3 

0 0 

AgHr 

- 52 

1 30 

AgHr 

2 7« 

I r )4 

Since the amount sulphite oxidized does not increase 

when tlic molecular 

ratio of sulphite 

to hydroquinone in- 

creases from 5 - 15 , it 

is evident that the direct redtiction of 


.silver bromide by sodium .sulphite is small under the con- 
ditions of the experiment and that we must be dealing with a 
coupled reaction of some sort. Some experiments were made 
to show' that the coupling takes place with hydroquinone and 
w'ith quinone rather than wdth any of the oxidation products 
of quinone The data for hydroquinone are given in Table 
IX. 

When the sidphitc is added toward the end of the run it 
has practically no effect; w'hen it is added before the run, the 
silver equivalent is increased by nearly 2 ; w’hen the sulphite 
is added just after the run has started the silver equivalent 
is increased by about i . The increase of about one in the silver 
equivalent when the sulphite is added just after the run be- 
gins, might be a coincidence due to the hydroquinone being 
partially oxidized; but the data in Table X rather imply that 
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Table IX 


Hydroquinone 0.055 gram, NaOH 2.2 gram, in 25 cc 
Excess of AgBr. Temperature, ca, 20® 

Time of run, 3 hours 


Mol sulphite per 
mol hydroquinone 


Conditions 


Mol Ag reduced per 
mol hydroquinone 


O 

10 

10 


10 


Sulphite added before 
run 

Sulphite added 5 niin- 
utes after run 
started 

Sulphite added 1 5 min- 
utes before run 
ended 


6 3 
S 05 


3 


the oxidation to c(uinone takes place very rapidly and that 
we are really dealing with quinone. 


Tablk X 


Quinone 0.054 gram, NaOH 2.2 gram, in 25 cc 
Excess of AgBr. Temperature, ca. 20° 


Time 


Mol sulphite per mol 
mol hydroquinone 


Mol Ag reduced per 
mol hydroquinone 


1 hour 
I hour 
1 hour 


o 

5 

10 


3 9 
4*9 

4 95 


Under these conditions we get one more molecular weight 
of silver reduced in presence of an excess of sodium sulphite. 
The induced reaction apparently takes place in two stages, 
one -half molecular weight of sodium sulphite being oxidized 
while one molecular weight of hydroquinone is being oxidized 
to quinone, and the other half molecular weight of sodium 
sulphite being oxidized while quinone is being oxidized to 
something else. It would have been interesting to study this 
further as a case of an induced reaction; but that would have 
been entirely outside the scope of this present paper. 

A few experiments were also made to determine the 
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silver equivalent of hydroquinone with other silver salts than 
the bromide. The data are given in Table XI. 


Tabi.e XI 

Hydroquinone 0.55 gram, 20 cc NH,OH (sp. gr. 0.90), and variable 
AgNOj, in 40 cc solution. Temperature, ca. 20° 


Time 

AgNO, 

Mol Ag reduced per 

grams 1 

mol hydroquinone 

5 mins. 

0 85 

5 

5 mins 

* 7 ' 

6 67 

2 days 

I 7 

; 6 82 

8 days 

i 7 

i 8 03 

Silver sulphite J.S7 gram, 

sodium sulphite 3.78 gram, hydroquinone 

0.055 gram, NaOH 2.2 

gram, in 40 cc. Temperature, ca. 20° 


Time Mol Ag reduced per mol hydroquinone 


5 mins. 8 2 

Hydrociuinone 0.055 gram, NaOH 2.2 gram, in 25 cc 
Excess of Temperature, ca. 20° 

Time Mol Ag reduced per mol hydroquinone 

i 

5 mins I 10 4' 

15 hours I 10.5 

^ Subsequent mcasiircrncuts under different conditions have given a value 
of about 7.5 The exact effect of the conditions is being investigated 


The reaction apparently takes place very rapidly with 
silver oxide and alkali, and the silver equivalent is very high, 
being higher in five minutes than that obtained for silver 
bromide after heating at 100° for 6 hours. The reaction is 
also very rapid with silver sulphite dissolved in sodium sul- 
phite, an equivalent of about 8 being obtained in 5 minutes. 
No attempt was made to determine the equilibrium and no 
measurements were made as to the amount of sulphite oxidized. 
It is probable that the same relations hold as in the case of 
silver bromide and sodium sulphite. With ammoniacal 
silver nitrate a silver equivalent of nearly 7 is reached very 



62 


M. A. Gordon 


rapidly and this creeps up to about 8 in the course of about 
as many days. 

In relatively few of the experiments are the silver equiv- 
alents integers. The variations may be due in some cases to 
experimental error; but that is undoubtedly not the explana- 
tion in all cases. There are two other ways, besides experi- 
mental error, in which a reaction taking place according to 
definite proportions may appear not to. We may be dealing 
with a reaction which does not run to an end or we may have 
the reducing agent oxidized in two or more different ways in 
which case we should be measuring the sum of two reactions, 
neither of which perhaps runs to an end Theoretically the 
reactions do not run to an end because the reducing power 
of the solution varies with the concentration. It is quite 
probable, how'ever, that the effect due to this is negligible. 
In view of the difficulty of coming out with only one product 
when making organic preparations, it is very improbable 
that the oxidation of hydroquinone proceeds along one line 
only. This view is confirmed by the fact that the silver 
equivalent of hydroquinone is about eight on long runs (cf. 
Table V), w'hile the value is under nine in presence of an 
exce.ss of sulphite (cf. Table VII) even though the sulphite 
certainly contributes two to the silver equivalent and possibly 
more on the long runs. 

A few runs were made incidentally with other developers. 
The data for pyrocatechol are given in Table XII and those 
for pyrogallol in Table XIII. 

The experiments with pyrocatechol show' that the re- 
action apparently reaches an end inside of 2 hours, the silver 
equivalent being about 4 5. When sulphite is present, there 
is an additional reduction of 1.0- 1.5 mols of silver. It would 
probably be safe to say that about one more mol of silver is 
reduced in presence of sulphite. The sulphite seems to have 
no effect on the silver equivalent of pyrogallol. Hurter and 
Driffield* found a silver equivalent of four for pyrogallol 


Phot. Jour., 22 , 104 (i8<}«). 
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Table XII 

Pyrocatechol 0.055 gram, NaOH 2.2 gram, variable sodium sulphite 


in 25 cc. 

Excess of AgBr. Temperature, ca. 20*^ 

Time 

Mol sulphite per 

Mol Ag reduced per 

mol pyrocatechol 

mol pyrocatechol 

2 hours 

0 

4 4 

2 hours 

5 

1 5 45 

2 hours 

10 

' 5 75 

3 hours 

0 

4 35 

3 hours 

5 

: '5 5 

3 hours 

!0 

5 35 

() days 

0 

4 45 

() days 

5 

5 ‘^5 

21 days 

0 

A 5 

21 days 

5 

5 9 


Table XIII 



Pyrogallol 0.003 ^ram, NaOH 2.2 gram, variable sodium sulpliite, 
in 25 CO. Ivxoess of AgBr Temperature, ca 20'^. Time of 

run 1 hotir 

Mol sulphate per mol pyrogallol Mol Ag reduced per mol pyrogallol 

o 25 

5 3-45 

10 i 3 40 

when acting on ammoniacal silver nitrate. Andresen^ ob- 
tained a value of two for pyrocatechol when acting on silver 
bromide in presence of sulphite. 

Since the experimental part of this paper was finished, 
there has appeared an article on “The Chemistry of Hydro- 
quinone Development” by Messrs. Luther and Leubner.^ 
They were especially interested in the chemical part which 
sodium sulphite plays in photographic developers. They 
say, however, that “this problem cannot be solved satis- 
factorily while the counse of development done without sul- 
phite remains unknown, and therefore, it is necessary in the 
first place to obtain a clear idea of the course of these reactions. 

* Namias; Chimie photographique, 264 (1902). 

^ Brit. Jour. Photography, 59 , 632, 653, 673, 692, 710, 729, 747 (1912) 
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“We chose the hydroquinone developer, in the first 
place because its products of oxidation and the additive 
compounds which it forms are better known than those of any 
other photographic developer; and the reaction, in spite of the 
high ‘relative reducing power,’ to use Andresen's expression, 
takes place more slowly when using an alkaline carbonate 
than in the case of the so-called rapid developers. As the 
final products of the reactions are unknown and can be sepa- 
rated and recognized only with difficulty, and as also the chief 
reactions are obscured by a large number of intermediate 
changes, we attempted, first of all, to obtain some light on the 
subdivisions of the chief reactions as well as to study the 
quantitative nature of the reaction as a whole. 

“In order to compare the values obtained in the separate 
estimations, the method of work was of importance. Our 
first work, therefore, was to devise a useful method. After 
having tried the various ways for the determination of the 
reducing hydroquinone in homogeneous systems without 
success, we turned to the methods employed by Andresen* 
for the determination of the relative reducing powers of organic 
developers. We used freshly precipitated silver bromide 
of the greatest possible uniformity in its chemical and physical 
properties, making the various experiments with exactly 
the same excess of potassium bromide. The rates of reduction 
were found by determining the silver bromide reduced during 
measured times, by an alkaline developing solution of known 
strength, the reduced silver being estimated by a titration 
method. 

“As we were working in a heterogeneous system, we had 
to confirm the effect of diffusion on the measured reaction 
velocity. This was done by systematically modifying each 
factor which influenced diffusion. These are, for example, 
enlargement of the surface of silver bromide, variation in the 
speed of shaking, and the temperature. Since the tempera- 
ture coefficient in purely chemical reactions is greater than 


‘ Phot. Correspondenz, 27, 635 (1890). 
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that in those involving diffusion, it follows that at higher 
temperatures the speed of diffusion determines, in an in- 
creasing degree, the measured speed of reduction. First of 
all we ascertained, for the various reactions, those limits of 
temperature within which practically only the reaction 
velocity is of importance, and we could then investigate the 
mechanism of a homogeneous reaction in the usual way. 
Making such measurements at different temperatures, we 
were able to separate the various partial reactions. Inter- 
mediate reactions, which take place so quickly at relatively 
high temperatures that they elude measurement and thus 
appear to be missing from the series, could be recognized by 
lowering the temperature. Inversely, by raising the tem- 
perature the conditions were made more favorable to the 
recognition of other stages of the reaction, which, at lower 
temperatures, proceeded so slowly as to be incapable of 
measurement. 

“ In order, as far as possible, to exclude errors inherent 
in the method, we examined the influence of the air contained 
in a vessel in which the materials were shaken; we also ex- 
amined the effect of various ‘inert’ bodies, as well as the 
possible effect of light. Short exposure to light of the silver 
bromide which we used had no effect on the course of the re- 
action, or so slight an effect that any errors fell within those 
of the method itself. Nevertheless, we made it a practice 
to work in the dark room illuminating by as constant as 
possible a source of orange light. 

“In the case of reduction, which took place slowly, 
the existence of an ‘induction period’ could be recognized. 
Mention is made in our dissertation as to the manner of this 
observation. The values found for the various determinations 
involved certain experimental errors and are not readily 
precisely reproducible. The average was taken of a number 
of determinations, and only when the differences found lay 
outside the limits of error did we take this mean value into 
consideration as to the effect of fresh influences. 
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“After a suitable method of work had been found, we 
proceeded to study the chemical process of development 
without sulphite. We examined the effects of variation in 
the strength of hydroquinone and alkali, also the effect of 
potassium bromide on the reaction. By modifying the con- 
centrations of the bromide ions, we found that hydroquinone 
does not react with the solid silver bromide but reacts with the 
Ag ion formed by the dissociation of the dissolved silver 
bromide. The reaction velocity is proportional to the con- 
centration of the silver ion. 

“ By modifying the concentration of the hydroquinone 
and of the alkali, it was found that it was not the free hydro- 
quinone which reacts, but, presumably, the anion C,,H,Oj". 
By kinetic experiments it was found that the neutralization 
by OH' takes place quickly, but not instantaneou.sly; in the 
case of a small concentration of hydroxyl ions it reciuires an 
appreciable time. 

“ In kinetic experiments it was found that the reaction 
comes to a stop after a relatively short time. The state 
which corresponds with this strong retardation of the reaction 
cannot be expres.sed by any simple formula; the condition, 
in fact, undergoes alteration within very wide limits by 
modifying the external conditions, such as the temperature. 
This argues that the above-mentioned stoppage of the re- 
action is conditioned, not by the course of a simple process 
which can be expressed by a simple quantitative formula, 
but is caused by the production of restraining substances. 
A great part of our work consisted in investigating this pheno- 
menon — that is, the appearance and nature of the re- 
straining substances, as well as the nature of the restraint. 

“ In the first place, the assumption that a part is played 
by the formation of quinhydrone was investigated. Quan- 
titative experiments showed that, even in a neutral solution, 
the existence of appreciable quantities of quinhydrone is not 
possible. The dissociation constant (quinone) (hydroquinone) / 
quinhydrone is about 0.23 at 25°. The succeeding experi- 
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ments were concerned with the investigation of the restrain- 
ing effect of quinone on the speed of the reaction and the 
cause of this restraint. Here we were able to ascertain that 
later stages of the reaction consist of the formation of quin- 
onate from the quinone and the alkali. In this fixation of the 
hydroxyl ions one sees the cause of the stoppage of the re- 
action. The fact that the reaction does not stop completely, 
but continues further, and this more quickly as the tempera- 
ture is higher, may be explained by the proof that neither 
quinone nor (juinonate itself reduces, but that the quinonate 
is decomposed into a hydroquinone and a higher decomposi- 
tion product of ijuinone by taking up of water and partial 
liberation of the alkali combined with the quinone. Thus, 
by this decomj)osition of the quinone, there is a regeneration 
of the reducing hydroquinone on the one hand, and, on the 
other, an increase in the concentration of the hydroxyl ions 
owing to alkali being set free The restraining effect of the 
presence of quinone is thereby removed. Experiments on 
the course of the reaction at different temperatures gave 
entirely similar results except that the stage at which the 
reaction stopped was always further the higher the tempera- 
ture. On ground of analogy it may be concluded that the 
processes which give rise to the apparent stoppage of the re- 
action at higher temperatures arc (juite analogous to those 
more exactly investigated at lower temperatures. 

“Experiments lasting over a considerable period of time 
at a sufficiently high temperature indicated the probability 
that, as a general rule, the oxidation of hydroquinone by means 
of silver bromide leads to the formation of dioxytiuinone. 
Further oxidation is, of course, not impossible, but it proceeds 
so slowly that practically it need not be considered. 

“Based on all these observations and measurements a 
conception maybe formed with a high degree of probability as 
to the course of the reaction between hydroquinone and silver 
bromide. In setting forth here the various separate stages 
of this reaction together, it must be pointed out that the 
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effect of increase of temperature would probably be only to 
alter the speed of the various intermediate reactions and not 
to alter their character. 


1. C,H,(OH)., + OH' 

2. C.H,(0H)0' + OH' 

3. C,H,0/ + Ag- 

4. QH^Oj' + Ag- 

5. C,HA + 2OH' 

6. 2C,HA'' 4 HjO 

7. 2C,HA' , 


C,H4(0H)0 + H/) Rapid 

C.HA" + HjO Rapid 

CjH^Oj' + Ag Measurable 

CjHjOj + Ag Very rapid 

CeHA" f?] + 2HjO Very rapid 

CaHA" (oxyquinone [?]) + C,HaO./ 

( — ►3) slow and measurable 
CaHA* (dioxyquinone) + CgHA* 

( — ► 6) slow and measur able 


Obviously, this series of reactions represents the partial 
reactions only approximately. Thus, for example, the 
measurement described in our German dissertation can be 
interpreted, not only by reaction No. 3 of the above series, 
but equally well by Nos. 2 and 3. 


C,HAH' + OH' + Ag- = CaH,()', + AO + Ag. 

Similarly the processes 5, 6 and 7 are more or less hypo- 
thetical, being based on analogy. We wish especially to 
mention that it was only during the course of the work that 
we obtained an idea of the stages of the reaction which was 
in some measure satisfactory. We, therefore, put forward 
our results as a first general survey of the subject. 

[If the ion notation is dropped, the essential part of the 
hypothesis put forward by Luther and Leubner can be written 
as follows : 


1. C.A(OK)., -f 2AgBr ^ C„H/), -f- 2KBr 4- 2Ag 

2. 2CgHA + .4KOH = C„H,(OK)., -I- 2AO + CgHjlOKKL (oxy- 

quinone) 

3. CgHA + C„A(()K)0, + 3KOH = C,A{()K), 4- 2AO + 

CgHjCOKjA (dioxyquinone). 

If the oxyquinone stage is cut out Nos. 2 and 3 are to be 
added together to form a new No. 2.] 

“ Having obtained this conception of the reaction in the 
absence of sodium sulphite, experiments were made on the 
part played by sulphite in the developer. Since the kinetics 
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of the process are disturbed by the solubility of the silver 
halide in sulphite, we first determined this in the case of silver 
chloride and bromide. By altering the strength of the sul- 
phite and by determining the effect of chloride and bromide, 
we obtained, as the formula of the complex anion formed, 
Ag(SO,)/'. The constant for Ag(S0,)/7('Ag-)(S03'')^ was 
found to be about 2.5 X 10^ at 25°. 

“The final product in the reaction of CgH^O/ + OH' + 
Ag- was found to be dioxyquinone. The extent of the re- 
duction in the presence of sodium sulphite, however, ex- 
ceeded this limit by about 0.43 atoms oxygen per molecule 
hydroquinone (0.86 Mol Ag per mol hydroquinone). A small 
portion of this increased action can be explained by the fact 
that sulphite alone also reduces small quantities of silver 
bromide. We endeavored to find further facts explaining 
the action of sulphite, without, however, arriving at any 
certain results." 

“The fruitless results of our first experiments showed the 
great effect of various minor conditions of experiment. In 
the first place it was found of importance for all the separate 
estimations to use a silver bromide of the same chemical and 
physical properties According to the nature of its pre- 
cipitation, silver bromide contains occluded quantities of 
excess of potassium bromide or silver nitrate which are 
difficult to remove by washing and which are therefore variable. 
For this reason we used silver bromide precipitated with a con- 
stant excess of potassium bromide' =- 0.0247 mol/liter, adding 
silver nitrate to potassium bromide at ordinary temperature. 
In this way a curdy silver bromide is obtained which becomes 
transformed into the granular form after standing for a con- 
siderable time. This slow, irreversible process is accelerated 
by raising the temperature. In order to work always with the 
same superficial area and the same form of silver bromide “ 

‘ Stock solutions; silver nitrate, 0.800 mol/liter: potassium bromide, 
1.058 mol/liter. Since 10 cc of each solution were taken and diluted to 105 cc, 
the actual reacting solutions were 0.076 M AgNO, and 0.1007 M KHr. 

^ Druckcr: Zeit. Kolloidchemic, 4, 216 (1908). 
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we precipitated the silver bromide by mixing lo cc. 0.800 M 
silver nitrate [diluted to 105 cc] and 10 cc 1.058 M potas- 
sium bromide [diluted to 105 cc], heating the mixture to boil- 
ing and cooling rapidly, shaking the mixture vigorously as it 
cooled. The silver bromide so obtained was prepared in 125 
cc flasks, in which the complete determination was carried 
out. According to the particular experiment we added 
potassium carbonate, water, potassium bromide, etc., to the 
silver bromide, placing the flasks in a shaking apparatus 
into a thermostat. The potassium nitrate in the preparation 
of the silver bromide thus remained in the reaction mixture. 

“At the same time the solutions of the other substances 
taking part in the reaction (hydroquinone, quinone, quin- 
hydrone, potassium carbonate, water, etc.) were brought to 
the same required temperature. After these had been added 
to the silver bromide in the flask (time for this, ten to fifteen 
seconds), the whole was shaken in the thermostat under 
water for from one minute to five hours. The flasks were 
closed with well-fitting corks. Paraffined corks, which break 
off readily, were used only for the experiments with sulphite. 
That the flasks were thereby perfectly closed was tested by 
filling them partly with a silver nitrate solution, closing with 
the cork, and shaking in a thermostat filled with a common 
salt solution. No turbidity was produced even after long 
shaking. 

“After shaking, the solution was filtered quickly (in from 
ten to fifteen seconds) from the precipitate, washed first 
with cold and then with hot water, and, lastly, the precipitate 
rinsed back into a flask. The reduced silver was then sepa- 
rated from the unreduced silver bromide by warming with 
ferric ammonium sulphate (0.025 X 2 mol Fe "0 and 2-5 cc 
strong sulphuric acid per liter. Without separating the solu- 
tion from the excess of silver bromide we then titrated the 
ferrous salt with potassium permanganate,* and then de- 

’ The potassium pcrmanjranate was standardized with potassium tetra- 


oxalate. 
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termined the dissolved silver salt in the same solution with 
ammonium sulphocyanate by Volhard’s method.' This 
method was selected since a check determination is obtained 
by the titration with permanganate. A small difference 
between the figures obtained for the silver and with the per- 
manganate is doubtless caused by small quantities of hydro- 
quinone and sodium sulphite which had not been completely 
removed when washing the silver bromide precipitate. 

“The following short table shows the extent of these 
differences : 



Mol Ag per mol hydroquinone'^ 


KMnO^ 

NH.SCN 

AgBr + Ag badly washed; hydro- 



quinone without sulphite 

3- 12 

2 84 

AgBr f Ag well w^ashed, hydro- 

quinone without sulphite 

2 90 

2 86 

AgBr -f Ag badly washed, hydro- 

quinone with sulphite 

4 10 

i 3 

AgBr -f- Ag well washed, liydro- 

quinone with sulphite 

3-58 

3 58 


“As a measure of the amount transformed in the reaction 
velocity experiments, the more accurate figures given by the 
sulphocyanate were used invariably. The materials used in 
the experiments (quinone, hydroquinone, quinhydrone, silver 
nitrate, potassium bromide, potassium carbonate, etc.) were 
obtained in every case from the firm of Kahlbaum, Berlin, 
and were not purified further. It should lastly be mentioned 
that the potassium carbonate was weighed out roughly and 
that measured quatitities of a stock solution were used for the 
various experiments.’’ 

Luther and Leubner showed that the amount of silver 

^ Volhard IJebig’s Ann., 190, 23 (1878), In order to test the use of the 
iron-alum method we made eomparativc experiments against Volhard’s methods 
and obtained good results 

^ [Messrs. Luther and Leubner give their data in atoms of oxygen per 
molecule of hydroquinone. These have been recalculated throughout into 
terms of mol Ag per mol hydroquinone.] 
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bromide, reduced in a given time, increased with the rate of 
stirring. At 55°, with 60 revolutions per minute, the silver 
equivalent was 4.64 at the end of an hour. Special experi- 
ments showed that no appreciable error was caused by the 
air in the reaction flasks, by the potassium nitrate in solution, 
or by the action of moderate light. This is in accordance 
with the results given in Tables I-III. The relatively low 
silver equivalent found by Luther and Leubner is due to the 
use of sodium carbonate instead of sodium hydroxide (cf. 
Table IV), to the presence of bromide in the solutions, and 
to the shortness of the runs. 

Their results on the effect of quinone' are interesting 
in their bearing oti the work of Mees and Sheppard. 

“If quinone be added to a solution of hydroquinone and 
potassium carbonate, and if the reducing effect during one 
minute be measured immediately, it is found that addition 
of the quinone retards the development process strongly. 
However, if a developer containing quinone, hydroquinone. 
and potassium carbonate be allowed to stand for some time 
before its reducing effect be determined, the values obtained 
during one minute show that the arresting effect has disap- 
peared. Friedlander'' found that a developer with quinone 
added developed at least as quickly as one without (juinone, 
and he makes no reference to the retarding effect of the 
quinone. We will now discuss the cause of this retarding 
influence. We allowed a hydroquinone solution of definite 
composition to stand for a long time with a potassium car- 
bonate solution of known strength, the mixture being under 
kerosene so as to exclude air as far as possible. This long 
contact is necessary for the complete formation of the hydro- 
quinonate. The reduction of the OH' concentration thereby 
produced, retards the decomposition of the added quinone. 
In the various experiments the quinone was first added to the 
silver bromide and then, immediately after the addition of the 


* Luther and Leubner: Brit. Jour. Photography, sg, 711 (1912). 

* Phot. Corrcspondenz, 30, 253 (1902). 
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hydroquinone and potassium carbonate, the reducing effect 
during one minute was measured.” 

Luther and Leubner suggest four possible explanations 
for the retarding action of quinone : 

(1) The assumption of a hypothetical non-reducing 
addition product (resembling quinhydrone) by which two to 
five molecules of hydroquinone are removed for one molecule 
of quinone. 

(2) Adsorption of quinone by silver bromide might also 
be the cause of the decrease in the reaction velocity. 

(3 ) The effect of quinone on the equilibrium 

C„H,()" + 2 Ag- :;il 2 Ag. 

(4) Quinone, functioning as an acid, neutralizes the OH' 
resulting from the hydrolysis of the potassium carbonate and 
thereby decreases the formation of the reducing ions C„H^Oj". 

The authors reject the first hypothesis because it seems 
to them improbable that there is a compound of quinone 
with five molecules of hydroquinone, which is the compound 
that one would have to assume in order to account for the 
facts. The experiments showed no indication of a retarda- 
tion due. to adsorption, so the second hypothesis goes by the 
board. The third hypothesis cannot be tested because 
quinone decomposes in alkaline solution. 

‘‘ We have thus to come to the fourth hypothesis, namely 
the functioning of quinone as an acid and the consequent 
neutralization of the hydroxyl ions. We know that hydro- 
quinone as acid does not develop but only when present 
as a bivalent ion C,H,0,". This formation of hydroquinonatc 
is dependent on the hydroxyl ion concentration, which latter 
depends in turn on the ratio of CO/ ; HCO 3 '. The action of 
quinone, which is an acid according to Euler and Bolin and 
probably a dibasic one, would be that, according to the 
equation 

CeH.Oj 2CO/ = C,H, 0 / -t 2HCO,,', 
the ratio of carbonate to bicarbonate is decreased and thereby 
the concentration of the hydroxyl ion. From this considera- 
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tion it follows that the action of quinone as an acid consists 
simply in the formation of tw'o mols of HCO3' from two mols 
of CO3". The same action should result if, in a comparative 
experiment, the double quantity of carbonate be replaced by 
bicarbonate.” Experimentally there was a reduction of the 
reaction velocity w'hen bicarbonate was added to a mixture 
of hydroquinone and potassium carbonate which has stood 
some time. The concentration of hydroxyl ions is reduced 
and the rate of reaction, which depends on the hydroxyl ion 
concentration, is thereby reduced to about half the value that 
it had when no potassium bicarbonate w'as added. The 
authors conclude that the most probable cause of the re- 
tardation by quinone is its acid effect. Its neutralization is, 
however, only transitory, and in proportion as it decomposes, 
the alkali is again liberated partially. 

” If equivalent quantities of quinone and hydroquinone 
arc allowed to stand in aqueous solution for various times, if 
this solution is then added to an alkaline mixture of silver 
bromide and potassium carbonate, and if measurements are 
made of the reduction during one minute, it is found that the 
mixture of quinone and hydroquinone possesses no reducing 
properties, nor does it obtain them on long standing in aqueous 
solution. If, however, quinone and hydroquinone are left 
to stand for a considerable time with potassium carbonate, 
the solution acquires reducing properties. The disappearance 
of this retarding effect of quinone may depend on one hand 
on the slow formation of quinonate just as in the case of the 
hydroquinonate. On the other hand, quinone, by the action 
of alkali, may be split up into an oxidation and reduction 
product. Similar reactions are frequently met with in chemi- 
cal literature. ‘ 

‘‘After long action of air-free potassium carbonate solu- 
tion on quinone we obtained hydroquinone by extraction of 

* Luther; Zeit. phys Chem., 34, 448 (igcio): 36, 385 (igoi). 
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the solution with ether. ' This experiment thus contradicts the 
view that the destruction of the retardation depends on the 
formation of a quinonate of reducing properties. At the same 
time it points to the decomposition of quinone by alkali. 
According to this view, quinone forms a quinonate with the 
alkali; this decomposes into hydroquinone and into a higher 
oxidation product of quinone, presumably oxyquinone. If 
this oxyquinone is likewise a dibasic acid, it follows that, 
on the decomposition of the quinone, part of the alkali com- 
bined with the latter is liberated and increases the hydroxyl 
ion concentration.” 

Luther and Leubner thus agree with Mees and Sheppard 
that quinone is decomposed by alkali and that hydroquinone 
is one of the reaction products. They differ absolutely as to 
the other product. Mees and Sheppard claim to have proved 
that the other product is hydrogen peroxide while Luther and 
Leubner believe that there is formed an oxidation product of 
quinone —presumably oxyquinone or dioxyquinone. The 
weak point in the position taken by Mees and Sheppard is 
that they are forced apparently to assume that the silver 
equivalent of hydroquinone is infinite. On the assumption 
of dioxyquinone as end-product we deduce a silver equivalent 
of six which is not unreasonable for short runs. On the 
other hand Luther and Leubner have not isolated either 
oxyquinone or dioxyquinone and they have no test, direct 
or indirect, showing the presence of either of these substances. 
Mees and Sheppard have not isolated hydrogen peroxide ap- 
parently, but they have obtained the blue color with chromic 
acid and ether. The only way out of the difficulty is the 
assumption that other substances beside hydrogen peroxide 
give this test; and for that there is as yet no experimental 
evidence. It is an interesting fact that quinone blues tetra- 

* Hesse (Liebig’s Ann , 220, 367 (1883)) likewise obtained hydro 
quinone and dark brown oxidation products by treating quinone with sodium 
acetate. The sodium acetate is not altered thereby Scheid (Liebig's Ann , 
218, 227 (1883)) by heating quinone with air-free water to ick^° in a sealed tube* 
also obtained hydroquinone, quinhydronc, and brown decomposition products. 
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methyleneparaphenylene diamine paper, which was originally 
considered by Wurster as a conclusive proof of the presence 
of hydrogen peroxide. It is at least an open question whether 
hydrogen peroxide can exist in appreciable quantities in an 
alkaline solution of hydroquinone. Quantitative experi- 
ments on this point are now under way in the Cornell 
laboratory. 

In the last portion of the paper, Luther and Leubner* 
discuss the part played by sodium sulphite in the reaction. 
“Comparison of the final stage of the reaction with and with- 
out sulphite affords an opportunity for the explanation of 
the processes taking place in the developer. Without sulphite 
we obtain dioxyquinone as the final oxidation product of 
hydroquinone in alkaline solution under the conditions of 
our experiments. The reaction gradually approaches this 
final stage, but does not reach it on account of the oxidizing 
effect of the air in the shaking vessel. But in the presence 
of sulphite the reactiop, even at low temperature, proceeds 
very quickly to dioxyquinone and exceeds this latter by 
0.43 atoms of oxygen per molecule of hydroquinone [0.86 
mol Ag per mol hydroquinone]. Hurter and Driffield, when 
determining the relative reducing powers of organic de- 
velopment, found that a solution of hydroquinone, potassium 
carbonate, and sodium sulphite required 4 atoms of oxygen 
[8 mols Ag] for its oxidation. The oxidizing agent used by 
them was ammoniacal silver solution. 

“As already mentioned, Sheppard and Mees take the 
view that sulphite in developer immediately reforms the re- 
ducing substance, itself becoming converted into dithionate. 
If this were the case, the final stage of the reaction would 
depend greatly on the concentration of the sulphite. We 
found, however, that a fourfold increase in the proportion of 
sodium sulphite had only a slight effect. Experiments, which 
we undertook, on the reducing action of sodium sulphite on 
silver bromide indicated that sulphite is able to reduce only 

‘ Brit. Jour. Photography, 59, 749 (1912). 
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small quantities of silver bromide, which do not suffice to 
account for the difference found in respect to the final stage. 
The question as to the cause of this difference cannot be 
answered until one makes quantitative measurements of the 
content of sodium sulphite or its reaction products at the end 
of the reaction. Attempts to do this with iodine proved to be 
interfered with by the oxidation products of hydroquinone. 
If the final solution was freed from sulphite, sulphate and 
dithionate, by addition of barium chloride, and the whole 
then oxidized with iodine to barium sulphate, a determina- 
tion of the sulphite could be made. Our apparatus not allow- 
ing of removal of air during the reaction, the work was done 
in an atmosphere of nitrogen. The total reaction cannot be 
the same with and without sulphite. The reactions without 
sulphite depend, in a characteristic fashion, on the tempera- 
ture, the corresponding curves exhibiting pronounced differ- 
ences in direction. The cause is the dependence of the rate 
of decomposition of quinone or oxyquinone upon the tempera- 
ture. In the case, however, of reactions with sulphite, the 
effect of temperature is quite different. It may, therefore, be 
concluded that the sulphite prevents the intermediate forma- 
tion of quinone and oxyquinone.” 

‘‘In the work on addition of sulphite, some phenomena 
were noticed which possibly may be of importance in further 
experiments in this field. If quinone be decomposed with an 
alkali, there is produced a yellowish green color which soon 
becomes deep brownish black in the air. By addition of 
sodium sulphite to the quinone, or to its alkaline solution, 
an intense greenish blue color is obtained which gradually 
becomes bright yellow. If this bright yellow' solution is 
shaken w'ith air it again becomes green, afterwards once more 
changing to bright yellow'. If, however, before the addition 
of sulphite the small (juautities of oxidation products pro- 
duced during the solution of the quinone be destroyed by traces 
of KHSO3 or hydroquinone, the greenish blue color is no 
longer produced, the solution becoming brown. By varying 
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the experimental conditions the conclusion was arrived at 
that the greenish blue color arises from the. formation of small 
quantities of an oxidation product of quinone. The re- 
tardation of the green coloring by reducing agents, such as 
acid sulphite or hydroquinone, accords with this. 

“ Rothmund* examined the action of acetone on alkaline 
sulphites and proved the existence of a compound of acetone 
and sulphite. He found that this acetone-sodium sulphite 
reacts strongly alkaline. As quinone is likewise a ketone, 
its action on KHSO, and Na^SO^ was investigated in a similar 
manner; but no alkaline reaction to litmus could be de- 
tected. 

“Euler and Bolin assume that hydroquinonates are 
colored yellow. In view of the time occupied in neutralizing 
hydroquinone, the formation of this salt must go hand in 
hand with a molecular rearrangement (Hantzsch). This 
would agree with the difference in color between the colorless 
hydroquinone and the colored hydroquinonate of Euler and 
Bolin, but the yellow color observed by these would appear 
really to be caused by the formation of some quinonate. If 
the hydroquinone solution is treated with quite a small 
quantity of potassium bisulphite and if an alkaline carbonate 
is then added, a colorless solution is obtained which certainly 
contains hydroquinonate. Thus, from our experiments it 
would seem probable that the hydroquinonate is colorless; 
quinonate, yellow, oxyquinonate, green; and dioxyquinonate, 
reddish brown.” 

Luther and Leubner found a silver equivalent of nearly 
7 for hydroquinone in presence of sulphite whereas I obtained 
a value of about 8 for short runs and of about 9 for long runs. 
Since Luther and Leubner used potassium carbonate instead 
of caustic soda, the difference in the results is undoubtedly 
due to the difference in alkalinity. Since Luther and Leubner 
were not able to determine the amount of sodium sulphite 
used up, they were not able to establish any quantitative 

* Akad. Wiss. Wien., 114, U, 1083 (1905). 



Silver EquivdlSnt of Hytiroqmnonc 


79 


rfelation between the -consumption of sulphite and of hydro- 
quinone. - This is probably the reason that they were so much 
puzzled by the increase in the silver equivalent due to the 
presence of sulphite. They are right, however, in pointing 
out that their results disprove the contention of Mees and 
Sheppard that hydroquinone is regenerated at the expense 
of the sulphite. If this were so, the silver equivalent of 
hydroquinone should run up to an abnormally large figure in 
presence of sodium sulphite. There seems to be no reason to 
doubt the accuracy of the observations made by Mees and 
Sheppard. It is probable that the error is in the conclusions 
drawn from the experiments. Mees and Sheppard shook 
quinone and sodium sulphite together and obtained hydro- 
quinone and dithionate. We may grant this without ad- 
mitting that the same reaction will necessarily take place 
in a more alkaline solution and in presence of silver bromide 
and metallic silver. 

The general results of this paper are as follows : 

1. The silver equivalent of a developer is defined as the 
number of molecular weights of silver reduced from a given 
silver salt by one molecular weight of the developer. 

2. Working with hydroquinone, Andresen obtained a 
silver equivalent of 2 with silver bromide and one of 4 with 
silver bromide hi presence of sodium sulphite. Reeb ob- 
tained a value of 8 with silver oxide dissolved in sodium 
sulphite. 

3. Reeb’s results have been confirmed, and Andresen’s 
to the extent that sulphite raises the value by 2. Andresen’s 
absolute figures are not confirmed. The discrepancy is un- 
doubtedly due, to some extent, to lack of sufficient shaking 
in Andresen’s experiments and may be due in part to 
Andresen’s solutions not being sufficiently alkaline. 

4. In strongly alkaline solutions and with silver bromide 
in excess, the silver equivalent of hydroquinone is about 6 
for short runs and about 8 for long runs, at room temperature. 
At 100° the silver equivalent is at least 9 for short runs. 
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5. The silver eqvii valent for quinone is about 2 less than 
for hydroquinone. Quinone is unquestionably an inter- 
mediate product when hydroquinone reacts with silver bro- 
mide in absence of sodium sulphite. 

6. In strongly alkaline solutions and with excess of silver 
bromide, the silver equivalent of hydroquinone is something 
over 8 in presence of sodium sulphite for short runs and about 
9 for long runs. 

7. The increase of 2 in the silver equivalent of hydro- 
quinone, on short runs in presence of sodium sulphite, has 
been shown to be due to the fact that one mol of sodium 
sulphite is oxidized simultaneously with one mol of hydro- 
quinone. 

8. The apparent increase of only i in the silver equivalent 
of hydroquinone, on long runs in presence of sodium sul- 
phite, is undoubtedly due to the formation of different oxida- 
tion products of hydroquinone in presence of sodium sulphite. 
This view is confirmed by the different color of the solution; 
but has not been tested analytically. 

9. On short runs sodium sulphite increases the silver 
equivalent of hydroquinone by 2 if added before the run; by 
about I if added 5 minutes after the run has begun and by 
practically nothing if added 15 minutes before the end of a 
three-hour run. 

10. On short runs sodium sulphite increases the silver 
equivalent of quinone by i. 

1 1 . When hydroquinone reacts with silver bromide in 
strongly alkaline solution in presence of sodium sulphite, we 
have a coupled or induced reaction, one-half mol of sodium 
sulphite being oxidized while hydroquinone oxidizes to 
quinone, and one-half mol of sodium sulphite being oxidized 
while one mol of quinone oxidizes to something else. 

12. The fact that the silver equivalents do not always 
come out as integers is probably not due entirely to analytical 
errors. The oxidation undoubtedly takes place along two or 

||iore different lines and the sum of these reactions is all that 
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is measured. Theoretically, there is also an effect due to 
concentration. 

13. With ammoniacal silver nitrate the silver equivalent 
of hydroquinone was nearly 7 for a five-minute run and for a 
two-day run. It was about 8 for an eight-day run. 

14. With silver sulphite dissolved in sodium sulphite the 
silver equivalent of hydroquinone was about 8 for a five- 
minute run. No long run was made. 

15. With silver oxide and caustic alkali the silver equiv- 
alent of hydroquinone was about 10.5 for a five-minute run 
and for a fifteen-hour run. 

16. With silver bromide and with ammoniacal silver 
nitrate, the oxidation of hydroquinone appears to go in two 
stages, pretty rapidly up to a silver equivalent of over 6 and 
then slowly to a value of about 8. 

17 With silver sulphite dissolved in sodium sulphite, 
the 6 stage is not detected under the conditions of the ex- 
periment, while with silver oxide a silver equivalent of 10.5 
is obtained at once. It is probable that, by varying the tem- 
perature and the alkalinity, one could get a series of changes 
with silver oxide, perhaps beginning with 2, corresponding 
to the oxidation from hydroquinone to quinone. 

18. In a one-hour run with silver bromide, a silver 
eqviivalent of a little over 3 was found for pyroga|lol. Hurter 
and Driffield obtained a value of 4 when acting on ammoniacal 
silver nitrate. 

19. Pyrocatechol has a silver equivalent of about 4.5 
acting on silver bromide in absence of sulphite. Andresen 
found a silver equivalent of 2 for pyrocatechol when acting 
on sih’^er bromide in presence of sodium sulphite. The dis- 
crepancy is either due to a difference in alkalinity or to ex- 
perimental error in Andresen ‘s determination. 

20. In strongly alkaline solutions and with excess of 
silver bromide, addition of sodium sulphite increases the silver 
equivalent of pyrocatechol by about i and has apparently 
no effect on the silver equivalent of pjrogallol. 
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21. When quinone reacts with alkali, one of the reaction 
products is unquestionably hydroquinone. Mees and Shep- 
pard believe that the other product is hydrogen peroxide; 
but it is hard to reconcile this view with the fact of a definite 
silver equivalent. Luther and Leubner believe that the 
other product is oxyquinone; but they give no experimental 
evidence- in support of this. 

22. Luther and Leubner say that dioxyquinone is the 
final oxidation product when hydroquinone reacts with silver 
bromide in alkaline solution. They have not isolated the 
compound however. 

23. The formation of dioxyquinone would account for a 
silver equivalent of 6 and consequently could not account 
for a value of 10. 

24. The low values of the silver equivalent, obtained 
by Luther and Leubner are due to their working for short 
times with solutions containing potassium bromide and made 
alkaline with sodium carbonate. 

25. The fact that the silver equivalent varies but slightly 
while the concentration of sodium sulphite varies very largely 
shows that Mees and Sheppard are wrong in believing that 
sodium sulphite regenerates hydroquinone in presence of a 
silver salt. 

This work was suggested by Professor Bancroft and ha.s 
been carried on under his supervision. 

Cornell UnnersUy 
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Studies in Radioactivity. By ir. H. Bra^g. 14 X cm, pp n 4 igo. 
Neu' York: The Macmillan Company, igi2. Price- $1 60. — In the preface the 
author says: “Certain general conclusions seem to me to follow from a com 
parativc study of the three types of radiation, and I hope that I have made 
this appear from what I have written. 

“ In the first place, it is interesting to observe the absence of any evidence 
of true secondary radiation, that is to say, of any ionizing radiation which 
derives its energy from matter under the prompting of primary rays That 
to which the name has been provisionally given draws its energy from the pri- 
mary alone, and we can, up to the present, claim no power of causing the atoms 
to unlock and distribute any stores of cnerg)^ w'hich they may possess. This 
is not, of course, the first occasion on which the conclusion has been stated 

“Again, it is remarkable that there should be so little evidence of the in- 
ikicncc of molecular association upon radioactive phenomena When an atom 
acts upon a pa.ssing a or [i or y *'ay, it is unsupported by any other atom, even 
of those belonging to the same molecule 

“It is impossible to avoid being struck by the strong family likeness which 
the three types of radiation, a, [i and X or y, rays, bear to each other. The a 
rays are positively charged, the rays negatively, the X and y rays arc unin- 
fluenced by electric and magnetic fields Hut, putting aside the.se differences 
and their immediate consequences, in their laws of penetration and of scattering, 
in their actions on matter and the reactions which they suffer themselves, the 
three forms of radiation differ in degree rather than in kind If it is assumed 
that the action of each form is direct and requires no assistance from any other 
form, it is diflicult to believe at the same time that the a and /V radiations arc 
corpuscular, and that the X and y rays are spreading pulses in the ether The 
distinction in lonn is too great the X and y rays have corpuscular properties 
alsr» 

“I believe, however, that the assumption is wrong and that the X and y 
rays act only through the intervention of fi rays. This is accomplished by 
means of a complete interchangeability between the X or y ray on one hand and 
the moving electron on the other, a change which may be brought about during 
the passage of the ray or the electron through the atom. This is one of the 
most striking of the general conclusions to which I have referred It explains 
the great bulk of the X ray phenomena with readiness and .simplicity, and, 
moreover, it bids fair to be useful in the still wider field of general radiation 
I have tried to show’ that the interchange must take place with little loss of 
energy. Papers by R. Whiddington and C T. R. Wilson, published so recently 
that I have been unable to refer to them in the book, accentuate still further 
the reality and importance of the conception and simplify it by showing that 
the transformations imply no loss of energy at all. Wilson’s most recent photo- 
graphs of the clouds formed on the tracks of ionizing agents are far better than 
those which I have been able to produce. 
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**The principle of interchangeability also leads at once to a corpuscular 
hypothesis of X and y rays. The corpuscular idea correlates the main facts 
in a fashion which is convenient both for thought and for experiment. I think 
it is just to say that the aether pulse idea has been for some time unproductive. 
It is only by the aid of numerous and very special assumptions that it can be 
made to account, even to outward seeming, for the phenomena of the scattering 
and the absorption of X rays and the production of the secondary radiation. 
It seems to. me better to put it aside provisionally and to take the interchange- 
ability of X ray and electron as a new starting point. From this, fresh op* 
portunities of advance in knowledge open out in all directions, and after all 
that is the one sufficient justification for any hypothesis. To take such a step 
is no denial of all connection between X rays and electromagnetic phenomena; 
it is but to put down one tool and to take up another better fitted for the moment 
to the work in hand"” 

The chapters arc entitled- preliminary experiments; the range-finding ap- 
paratus; the ionization curve of the a ray; interpretation of certain peculiarities 
of the a ray curve, stopping power; the ionization produced by the a particle 
in the different gases; initial recombination: the ^ ray and the law of its scatter- 
ing, the loss of encrg>’ of the [i ray. the general case of ” absorption” of the /? 
ray, general properties of the X and y rays; the production of the secondary 
^ ray by the X ray; the corpuscular form of the X ray; the energy of the X ray, 
calculation of the ionization current under given conditions; the scattering of 
X and rays, the nature of the X and y rays. The following quotations, pp. 
76, 108 and 134 will give some idea of the point of view : 

”The p rays emitted by radioactive substances and the cathode rays of the 
vacuum tube consist, as is well known, of electrons moving at a high rate of 
speed. The ^ rays emitted by Ra C have initially a velocity little less than that 
of light: the majority of the [i radiations have velocities somewhat smaller than 
those of Ra C. Cathode rays may have a great variety of velocity, being usually 
excited b}'- the applied electromotive force to a speed of about lo* to 10*” cm 
per second Even electrons moving with still less speed, down to somewhere 
about 10” cm per second, may be classed as rays 

”For all these rays have the common property of bein^ able to ionize a 
gas through which they pass The fastest have, of course, the greatest energy 
to spend, and they can penetrate two or three meters of air at ordinary tem- 
perature and pressure, ionizing some of the molecules through which they pass: 
the slowest are barely able to penetrate at all, and the limit of speed below' which 
they are unable to show their presence by their ionizing effects is also the limit 
to their definition as ^ rays. 

“There is no need to discuss here the determinations of the mass, charge 
and velocity of the various electrons from various sources. I may pass on at 
once to consider the effects attending their passage through matter. They 
may be taken in much the same order as that which I have adopted in con- 
sidering the a rays; and I shall be glad to follow this plan because it is one of my 
main objects to show that the phenomena of the a and the rays, and indeed 
also of the y and X rays, run parallel to each other and may lx‘ classified accord- 
ing to the same system. 
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“The means by which the rays are discovered to us are the same as in the 
case of the /? rays. They, like the latter, can ionize a gas, act on a photographic 
plate, and cause a screen to phosphoresce. It is therefore possible to map out 
the paihs which the ^ rays take as a stream, but the effect of a simple particle 
has been too feeble to follow until quite recently. Just as Rutherford and 
Geiger's scintillation method enabled them to follow the movement of the 
single a ray, so now C, T. R. Wilson has made a similar advance in the case of 
the fi ray. By a modification of his beautiful fog experiment he is able to render 
the track of the single p particle visible to the eye- his success is, however, so 
recent that few results are yet available.” 

"The aether pulse theory of the X and y rays is based on the assumption 
that they consist of disturbances in the aether which spread away from places 
where electrons have received accelerations, positive or negative, of their motion 
Stokes, Thomson, and other workers have attempted to mould the theoiy^ so that 
it wdll fit in w ith the properties outlined above. 

“There remains, however, one striking phenomenon in connection w'ith 
these rays, which we have not yet considered, and w'hich was not, as we now sec, 
taken into proper account by the authors of the pulse theory. This is lhc‘ 
emission (^f swiftly moving electrons from matter through which the X or y 
rays arc passing. A very brief consideration of this effect will show its im- 
portance 

The swiftly moving electrons may have so great a speed that thdy can be 
ranked with the rays, the properties of which w^c have already considered, we 
find speeds of this high order in the case of the electrons owdng their motion 
to the Y rays. Or, again, they may be slower, having initial speeds vaiydng bc- 
twx'cn lo® and lo'® cm per second The electrons ejected under the influence 
of X rays have velocities of this <»rdcr, and are generally called cathode rays, 
since these are the usual velocities of the cathode rays in the vacuum tube. 
But whether they are possessed <»f the greater or the le.sser speeds they arc all 
able to ionize a gas, to act on a photographic plate, and to excite phosphores- 
cence in suitable materials, and it will be convenient to call them all yi rays 
irrespective of the order of their velocity, in the same way as we have decided 
to use the term X rays to cover the y ray also, unless, of course, there is reason 
to make a distinction 

“Now' it is clear that if X rays produce yi rays, and if the latter are able to 
cause ionization, phosphorescence, and photographic action, then there is no 
evidence, a priori, that the X rays themselves posse.ss this power It may 
be that the effects which we find in the presence of X rays are not due to the rays 
themselves directly, but to the yi rays which they produce. This doubt would 
in any case prompt us to begin a thorough investigation of X ray phenomena 
by considering the circumstances in which the one kind of ray produces the 
other, and by examining the relations between the qualities and properties of 
the X rays on the one hand and on the other the speed of the [i rays and the 
nature of the matter in which they arise. This we w’ill now do. It will be seen 
later that we could have followed no other course, for the doubt turns out to 
be quite justified. 

“ The evident'c which w'c shall consider goes to show that the X ray has no 
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direct action whatever except the one of causing the ray. Only in this way 
does it reveal its existence. Up to the point when the p ray is produced the X 
ray spends no energy and causes no observable effect. After that point has 
been passed, the effects arc those of the p ray, and as such have been considered 
already. There is left for the main object of our consideration the moment of 
the production of the P ray. This is an anticipation, and I have inserted it with 
the object of making it easier to keep in mind the arguments that follow. For 
the same reason, it may be well to add that this method of procedure does not 
lead immediately to the aether pulse theory. This theory, as I have already 
said, was formed at an earlier stage with the object of explaining the first found 
properties of the rays — their penetration, their lack of reflection, refraction, 
and so on. Hut it does not give a ready account of the circumstances peculiar 
to the production of p rays and if it is on these that attention should be con- 
centrated, if there is really little else to consider as the direct result of X ray 
action, then a theory which docs not take them seriously into account is not 
immediately helpful.” 

“The speed of the p ray due to the y or X ray depends only on the quality 
or penetrating power of the exciting ray. The speed and penetration of the 
former increase with the penetration of the latter. The speed depends neither 
on the intensity of the y or X ray stream, now upon the nature of the atom in 
which the p ray arises. 

“The initial direction of the movement of the p ray is more or less in con- 
tinuation of that of the j or X ray, this effect being most pronounced when the 
exciting ray is penetrating and the atomic weight small In the case of hard 
)' rays and light atoms, the continuance is almost complete; in the case of soft 
X rays and heavy atoms, it is very .small.” Wilder 1 ). Bancroft 

Dictionary of Applied Chemistry. By T. E. Thorpe, jnd Ed., Vol. II. 
J X 23 cm; y86 pp Price 4j^ shilhti^s. New ) ork: Longmans, (Irccn df 
Co., 11)12. — This volume begins with chica red and ends with gorse. Among 
the interesting items arc China grass, chloral, chlorine, chloroform, chromium, 
chroniophores, cider, citric acid, clay, cobalt, cochineal, cocoa, coffee, coke, 
colloids, copper, corrosion, creosote, cryoscopy, cyanides, desiccation, diamond, 
diazo-compounds, diffu.sion, disinfectants, distillation, dyeing, egg, electro- 
decomposition, enamel, esterification, evaporation, explosion of gaseous mixtures, 
explosives, extraction apparatus, feeding stuffs, fermentation, fertilizers, filter 
pumps, filtration, flame, fluorine, formaldehyde, fritts, fuel, furnaces for general 
laboratory use, fusel oil, gas, gas mantles, glass, glucosides, glue, gluten, glycer- 
ine, and gold. Kniulsions are missing, but that is about all. 

The following extracts fiom the articles on colloids, p. 113, flame, p. 568, 
and glass, p. 737, will give some idea of the method of treatment, of the thorough- 
ness, and of the accuracy, besides being interesting m themselves. 

“At the present time, the term ‘crflloid' is used in a sense somewhat different 
from that in which Graham employed it, and is to be interpreted as referring, 
not so much to a particular class of substances, as to a condition which a large 
number of chemical compounds may be made to assume. A 'colloidal solu- 
tion,’ therefore, is not necessarily a solution of a colloid (in Graham’s sense). 
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it is a solution, the properties of which are, in many respects, similar to those^ 
of, say, a gum arabic solution, although the dissolved substance may be quite 
outside the class which Graham terms ‘colloids it may be, for instance, ferric 
hydroxide, arsenious sulphide, or platinum/' 

"When solids and liquids are heated beyond a certain temperature by an 
external source of heat, they become luminous, and the intensity of the light 
emitted increases very rapidly as the temperature is further increased. There 
is no reason to suppose that gases would behave differently except in degree, 
for, according to the kinetic molecular theory of matter, light should arise 
from molecular vibrations occasioned by molecular collisions. It is doubtful, 
however — whatever may be the case in celestial bodies — whether a gas has 
ever been brought by artifice into what may be called a state of purely thermal 
glow. The high transparency of gases to light is correlative to a very low cmis- 
sivity. Iodine vapor, which is an exceptional gas in its absorptive power, does 
indeed glow when heated in a glass tube even when the walls are considerably 
below a red heat , l)ul there is reason to believe that this glow is connected with 
the dissociation and recombination of the atoms in the iodine molecule 

"Attempts to heal colorless gases, such as nitrogen, to the glowing point, 
have given negative results In almost every case, a flame is gloieing gas, and 
in view of the facts just recited we must add the qualification, so far as ter- 
restrial conditions arc concerned, that the glow is the accompaniment of chemical 
change. It would be possible to refine upon this definition. A ‘flame’ of pure 
hydrogen in dustless air is invisible according to Stas, the radiation of short 
wave lengths being holly in the ultraviolet. Again, the glou observed during 
the decomposition of acetylene in a hot tube may be due wholly to the particles 
of liberated carbon and in no degree to anything gaseous. Hut, speaking gener- 
ally, the basis of flame is a glowing gas, and the exciting cause chemical action. 
This description would include ordinary hot flames and also flames of the kind 
called phosphorescent, which maj" be quite cold in the ordinary sense of the 
word " 

“The Siemens process [of hardening glass] depends on the principle that 
glass, if evenly cooled, however quickly, is under little strain, and that the more 
rapidly it lo.ses its heat the harder its surface becomes. A sheet of glass, for 
example, loses heat more rapidly from its edges than from its surface, owing 
to the greater surface exposed Hence it is under strain. Hut if the heat is 
rapidly and uniformly conveyed away from the surface, it retains its shape, 
and is hardened and not under strain The cooling should be proportional 
to the volume of the glass, not to its surface. The glass, which must be without 
flaw, is exposed suddenly and evenly to the radiant heat of a special furnace. 
The plate is then withdrawn and placed quickly between metal plates. The 
process of heating requires one minute and the cooling half a minute. The 
sole of the healing furnace is smooth, and is covered wdth powdered talc to pre- 
vent the adhesion of the glass. The success of the process is due to the uniform 
temperature of the furnace, and to the fact that the heat is wholly radiant. 
Owing to the extremely high temperature to which the plate is exposed, hard 
enamels may be used for ornamenting its surface. If required of extreme 
hardness, thin copper plates are applied to cool it. Iron plates give a less hard 
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glass; and the effect may be reduced by covering the surface of the cooling 
plates with wire gauze, or by using asbestos paper or clay slabs. Bottles may also 
be hardened by heating them until soft, and then placing them in a case of iron 
in which they stand, prevented from touching the iron in more than three places 
by projecting ribs, or they may be heated in the casing, and then removed 
from the furnace and allowed to cool in the air. The most quickly cooled of 
such plates withstand eight times a shock which would break an ordinary plate, 
and those slowly cooled or semi-hardened, three times. They arc not scratched 
by a diamond, and hence cannot be cut, but they may be polished, etched, and 
slightly ground if desired.” Wilder D. Bancroft 

Spectroscopy. By E. C. ('. Baly 2nd Ed, ij X IQ cm; 68 j pp. Neu' 
York: Longmans, Green & Co., 1^12. Price: 12/6. — In the preface to this 
edition, the author says. 

” Since the first edition of this book appeared there have been published 
a very great number of papers describing most important investigations in 
spectroscopy. The advance in this subject during the last six or seven years 
has been exceptionally great, and I have found it exceedingly difficult satis- 
factorily to deal with this work and still to keep the book within reasonable 
limits. Even with the increase in size I cannot but feel that I have done scant 
justice to most valuable and striking investigations. I have endeavored, how- 
ever, as far as possible to give a risumi of the salient points of the more modern 
work, and I have also ventured to add at the end of the relevant chapters a 
list of references to the literature which I trust may be of value to those who wish 
to read up the various subjects in greater detail than I have been able to include 
in the text.” 

The subject is presented under the following heads: historical; the slit, 
prisms, and lenses; the complete prism spectroscope, the prism spectroscope 
in practice, the diffraction grating; the ruled grating in practice; the extreme 
infra-red and ultraviolet regions of the spectrum, the applications of inter- 
ference methods to spectroscopy; the practical resolving power of the spectro- 
scope; the photography of the spectrum, methods of illumination, phosphores- 
cence and fluorescence; absorption spectra, the nature of spectra, the Zeeman 
affect; scries of lines in spectra, change of wave length 

Different people will get different things out of the book The reviewer 
has been especially interested in the metallic reflection of quartz for certain 
heat rays, p. 262, Abney’s emulsion which was blue by transmitted light, p. 
368, the flame spectra of salts, p. 384, the ” ultimate rays,” p. 405, the streamers 
in an oscillatory discharge, p 411; the problem of the spark spectrum, p. 420; 
the electrical evaporation of electrodes in pure argon, etc., p. 431, the direct 
current discharge with a lime cathode, p 437, the plurality of spectra, p. 518, 
the Swan spectrum, p. 523, and the two hydrogen spectra, p. 525. 

The author has an interesting theory in regard to absorption spectra, p. 
487 and to emission spectra, p. 495. 

Perhaps the most important fact that must be taken into consideration 
is the very profound influence that the solvent has upon the absorption of various 
substances. A moment’s consideration of this influence of the solvent will 



New Books 


89 


show that some account must be taken of the residual affinities of the two, 
solvent and substance dissolved 

"Now, if the chemical properties of substances be considered it will he (juitc 
evident that every atom or group of atoms in a compound must possess residual 
affinity to a greater or a less extent, if under residual affinity we include very 
type of unsaturation whether as regards the primary or secondary valencies. 
Generally speaking, in chemistry we say that a compound is unsaturated when 
one or more of the principal or ordinary valencies is unsatisfied, as, for example, 
in those cases when we write a double bond. Such compounds as these have the 
property of forming addition compounds with other substances and so they must 
possess residual affinity. In addition to this special type of residual affinity 
we have also the cases of compounds which, though apparently perfectly satu- 
rated as regards their principal valencies, yet indeed form double and complex 
compounds with other substances. It is generally accepted that the.se prop- 
erties are due to the so-called contra- valencies. Every atom possesses thc.se 
contra-valencies developed to a certain extent, and so, if under the term residual 
affinity be grouped every type of unsaturation, it will follow that every atom or 
group of atoms must possess this residual affinity to a greater or less amount. 

"Since the posse.ssion of residual affinity tends to endow a compound with 
the power of forming addition compounds with other substances it may be said 
that the existence of residual affinity is accompanied by the existence of force 
lines in the surrounding ether. Every atom or g^oup of atoms must be the 
center of a field of force in the ether, the strength of w^hich depends upon the 
amount of the rc.sidual affinity present in each case. 

"The independent existence of these various fields of force round about one 
molecule is manifestly impossible, such a condition must be mcta.staV)lc. There 
must ensue a certain amount of condcn.sing together of the force lines accom- 
panied by the escape of free energy The resulting condensed system must 
have a decreased chemical reactivity compared with the original mctastable 
condition. In fact, if the system be entirely closed it will have no chemical 
reactivity at all, and it is only when the closed .system is unlocked that it can 
.show any chemical reactivity. It docs not necessarily follow that although the 
condensing together of the force lines must occur, the resulting .system is en- 
tirely closed. The system may still possess some small residue of reactivity 
which, however, in any case will be very much smaller than that of the mcta- 
stable uncondensed form. Generally speaking, it follows that in order that a 
compound exert its true reactivity it must be unlocked, .so to speak, by some 
external means. 

" Now , one way of opening up such a condensed system would be to sujiiily 
free energy to it. Again, it is a well-known fact that certain reactions are 
catalyzed by the action of light as, for example, the union of hydrogen and 
chlorine. Before the hydrogen and chlorine molecules can react upon one 
another it is necessary that their closed systems be opened up, and it would 
seem that this opening up can be effected by means of the influence of the light 
rays. The light rays must therefore be doing work against chemical forces 

"This at once gives a rational explanation of the absorption of light by 
substances, namely, that the light is doing work against the chemical forces 
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-which tend to produce the closed systems, and that the necessary free energy 
is supplied in this way.” 

^ “Now it is perfectly evident that the various stages in the unl(K!king pro- 
cess must be closely connected together, and it may at once be assumed, in the 
event of the unlocking taking place in stages, that the second stage will not 
take place until the first stage is complete, and that, in general, each successive 
stage will not begin unless the previous stage is complete. The result of this 
may perhaps be understood more clearly from the following: let A represent 
the completely closed system of a complex molecule, and B, C, I), etc., the several 
stages in the opening up of this system Further, let A, under the influence 
of a suitable solvent and of light, he opened up into B, and let the wave length 
of the light required be Now let A be opened up to C by means of a second 
solvent, and light of wave length /c- Then, as far as experiment has shown at_ 
present, Ae is greater than vSince the opening of A into the form C is brought 
about by the absorption of light of wave length A^, so the converse must be true, 
namely, that the condensing together of the system C to give the system A 
must be attended by the evolution of light of wave length Ac- Now, if by any 
means the form A be converted into the form B, which results in the complete 
opening up of a portion of the system, it would seem naturally to follow, as a 
result of the fact that B and C are intimately connected, that B cannot return 
to A without influencing in some way the force lines of the whole system. It 
is not possible to conceive of a i)ortion of a closely interwoven locked system 
being opened without the whole system being affected The partial opening 
of the system to give the condition B must affect the whole The next possible 
system under the conditions of the experiment is that which we have called C. 
The restoration of the system, as disturbed by the influence of the light rays, 
does not seem possible without a disturbance brought into play which involves 

the system C N{)w, it has already been shown that the process C A must 

be accompanied by the evolution of light of wave length A^. It follows, there- 
fore, that the rest(»ration to the form A from the form B must involve the form 
C, wdth evolution of light of wave length A^;, and as it has been shown that A is 
converted to B by the influence of light of wave length A^ in an appropriate 
solvent, so this absorption of light A^, must be accompanied by the evolution of 
the rays A^ In other words, the substance fluoresces It may be pointed out 
at once that the form C may not be the only one concerned, it is quite possible 
that the successive forms D, K, ele , may be brought into play, each giving out 
light of characteristic wave length, always provided that the several forms are 
all intimately connected under the experimental conditions as postulated above. 

“It is perfectly possible to subject this theory to practical test. It is evi- 
dent that if the prt)ccss C — > A gives out light of wave length A^. A should, 
in the presence of a suitable solvent, be converted into C by absorption of this 
light Ac- In other words, it should be quite possible, by the use of an appropriate 
solvent, to influence a substance sf) that it absorbs light of the same wave lengths 
as the fluorescent light it emits in another solvent. This close relation be- 
tween fluorescence and absorption has been found in several cases Dr. Krulla, 
working in my laboratory, examined, among others, the cases of the amino- 
aldehydes and ketones mentioned above, and finds that these substances in 
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alcoholic solution emit, under the influence of ultraviolet light, fluorescent 
light of the same wave length as those rays absorbed by the compounds in 
presence of small traces of hydrochloric acid. These results afford consider- 
able support to the the<wy ” H ildn D, Bannoft 

A Laboratory Outline of Organic Chemistry. By Lauder IT. Jones tj y 
jH cm; pp. imt 4- t()i> New York, The Century Company, iqij — In the pre- 
face the author says 

“In most institutions of learning there has grown up an increasing demand 
for more intensive as well as extensive training in elementary chemistry, and this 
has brought about corresponding changes in the curriculum of chemistry. K\- 
perimcntal organic chemistry, once a mature part oi the course, usually preceded 
by qualitative and quantitative analysis, and requiring a reading ktifivvledgi- 
of German and Hrench, now^ finds itself stranded with general inorganic chemistry 
as its sole prerequisite. 

“The majority of laboratory outlines of organic chemistry, although for the 
the most part excellent, arc designed primarily for the mature student in cherri 
islry who is able to read and to digest the original articles cited for reference, 
and for those who are concerned more especially with varied manipulation and 
method rather than with a systematic study of the salient facts and relations 
underlying the science On the other hand, the tew' briefer and simpler outlines 
extent can hardly be regarded as adequate to give the kind of preparatory 
training which is now being sought in many quarters 

“It would seem, therefore, that there is a place for a text-book which shall 
approach the subject matter of organic chemistry in much the same thorough 
but elementary fashion that we are wont to employ in laboratory manuals fif 
inorganic chemistry In other words, there is need of a course in general organic 
chemist r)' It is hoped that this book may occupy a posithm and sup])ly a need 
of this character " 

It seems to the reviewer rather questionable wdiether a student should take 
laboratory work in organic chemistry^ before he has had either qualitative anah 
ysis or quantitative analysis. IIowTver, the book can be considered apart from 
the pretaee The preparations arc arranged as aliphatic and aromatic com- 
pounds Under the aliphatic compounds the twx) divisions are into monatomic 
and polyatomic comp<mnds The reviewer could not find any statement in the 
book as to the difference between a monatomic and a polyatomic compound 
I'lider aromatic compounds the two divisions are into carbocvclic com]iounds 
and heterocyclic compounds. This is not the laboratory manual which the re- 
viewer always hopes to find and always hopes in v'ain. The ideal manual will 
lay’^ great stress on the theory of yields, a point which is practically ignored in 
all existing manuals While this manual is not that manual, the basis of com- 
parison is with existing manuals and not w’itli those wrhich apparently will not 
be published much before the millennium 

Looked at from this point of view, this book stands thi‘ lest pretty well 
The reviewer was delighted to see some experiments on colloids, though it is 
something of a puzzle to sec how colloidal ferric hydroxide happens to come in 
under polyatomic organic compounds Incidentally, it may be added that 
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Wright’s method of making colloidal ferric hydroxide is quicker than any method 
involving dialysis. The manual also contains a number of experiments on dyeing- 
which is a good thing; but they are scattered, which is a pity. We find azo 
dyes in one chapter, p. 99, diphenylamine dyes in another, p. 102; fast green 
in a third, p. 114; though not as an experiment. The triphenylme thane dyes 
occur in still another chapter, p. 119, and this is followed by a special chapter 
on dyeing, p. 122. It seems to the reviewer that it would have been better 
to have put .all the experiments in this special chapter. Merely as a minor 
point, the reviewer doubts the ability of a student to get all the methylene blue 
out of cotton by rinsing for any reasonable number of times. 

An interesting experiment, not usually found in organic manuals, is the 
one, p. 28, in which formaldehyde and silver nitrate are arranged to form a 
voltaic cell. If this manual is really to be used by students who have not had 
qualitative or quantitative analysis, the reviewer suggests that the experiments 
on methyl orange, p. 99, and phenolphthaleine, p. 120, be supplemented by one 
in which the student titrates phosphoric acid first with one and then with the 
other of these two substances as an indicator. Wilder D. Bancroft 

Die Dreifarbenphotographie. By Arthur Fretherrn von Huhl. X 22 
cm; pp. via + 212. Halle a/S: 11 tlhelm Knapp, 1912. Price: 8 marks. — The 
subject is treated under the main headings: light and color; theory and practice 
of three-color photography. Under the former we have the subdivisions, colored 
light and body colors; and under the latter the subdivisions, theoretical basis, 
plate sensitizing and light filters, practice of three-color printing The book 
deals only with the methods of three-color photography, which involve taking 
three separate negatives and the production of actual images. The second 
limitation rules out the Ives chromoscope. 

There is a very clear exposition of the Young and Helmholtz, and the Hcring 
color theories. Very interesting also is the account, p. 75, of the colors which 
can be obtained by superposing gelatine films, dyed with erythrosinc, patent 
blue, and filter yellow. There is quite a full discussion, p. 1 16, of color sensitizers. 
The reviewer was also interested in the statement that all films colored with red 
dyes absorb the green rays but often let the blue rays through as well as the red. 
It has been found that some red inks do not photograph well and the reason for 
this undoubtedly is that the paper under the ink reflects back enough blue light 
so that it photographs nearly the same as the adjacent paper on which there 
is no ink. The light which is cut out is light to which the photographic plate 
is not very sensitive. On p 141 are given data for making red, blue and green 
filters from suitable mixtures of rose ben gale, tartrazine, patent blue, and acid 
rhodamine. 

There is much in the book which will interest people who arc not directly 
concerned wdth three-color printing. H tider D. Bancroft 
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THE PHOTOGRAPHIC PLATE. IX ^ 


BY WILDER D. BANCROFT 

THE LATENT IMAGE. PART V 
Latent Imagre Is not a Physical Modification 

With a short exposure to light we get a latent image 
which develops to a negative; with a longer exposure we get 
a latent image which develops to a positive. Namias^ has 
showm that the action of light can be duplicated by the action 
of a stannous chloride solution. 

“When I experimented to see how the same substance 
[stannous chloride] acted tow^ards silver salts in developing 
the latent image, I found that its effect was quite marked. 
In fact a i : 20000 solution of crystallized stannous chloride, 
SiiCl2.2H.^O, in distilled water, completely free from air, will 
produce in a few minutes’ action on a silver bromide plate a 
latent action which can be detected by developing with an 
ordinary developer. The action of stannous chloride seems to 
be exactly analogous to that of light. 

“If one allows a sufficiently concentrated solution (i 
percent for instance) to act for an instant, or a more dilute 
solution to act for a longer time, one obtains a latent image 
which develops with great sharpness. If the action of the 
stannous chloride lasts too long, one gets a result analogous 
to that caused by over-exposure; the plate fogs and there 
is no sharpness. This is the result, for instance, if the i per- 
cent solution is allowed to act for 2 or 3 minutes. If the 
solution is allowed to act longer, it causes a visible change 
just as light does.“ 

Perley® confirmed the results of Namias and extended 
them. He used solutions of stannous chloride of varying 
strengths in which he immersed unexposed plates for a con- 

* Based on a paper read before the Eighth International Congress of 
Applied Chemistry in New York, September, 1912. 

® Phot. Correspondenz, 42, 155 (1907); Jour. Phys.,Chem., 15, 326 (1911). 

** Jour. Phys. Chem , 14, 685 (1910)- 
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slant length of time, using a standard developer. Up to a 
certain concentration he obtained increasing density of the 
developed plate with increasing concentration of the stannous 
chloride. Beyond this point, increasing the concentration 
within certain limits decreased the density of the plate. This 
corresponded to the case of solarization with a plate exposed 
to light. A similar result was obtained by using a stannous 
chloride solution of constant composition and immersing 
different portions of the plate for different lengths of time. 
A plate after undergoing this treatment was fixed and mounted 
as a lantern slide. At the same time another plate was ex- 
posed by sections to outdoor light in such a manner that the 
stages from the initial negative to the second negative would 
be produced. These two slides were retained in order to show 
the close analogy between the action of light and of a stannous 
chloride solution. With stannous chloride the various stages 
were far from being perfect analogies but the general principle 
was distinctly evident. The only really imperfect feature 
is that of the second negative. This is not as dense as that 
obtained by the action of light for an extremely long period. 
The second negative produced by stannous chloride is more 
of a brown than a black. This is not surprising because it is 
known that the color of the developed image varies with the 
nature of the developer and there is no reason why the differ- 
ence in the preliminary treatment should not also have an 
effect. This is shown to be the case by Perley’s results 
when he substituted a lo percent sodium arsenite solution 
for the stannous chloride solution. The same general results 
were obtained but the second negative was blacit rather than 
brown. A latent image corresponding to a negative and one 
corresponding to a positive were obtained by Perley, using a 
mixture of ferrous and ferric oxalates instead of the stannous 
chloride solution. A similar result was also obtained by 
using a regular metol and pyrogallol developer' diluted to 
one-fourth. Owing to different rates of diffusion the results 


‘ Eder; Edcr’s Jahrbuch der Photographic, 21, 475 (1907). 
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obtained at first were not as good as those with sodium 
arsenite or stannous chloride. By soaking the plate in the 
solution of metol, pyrogallol, and citric acid, and then adding 
the solution of acetone and sodium sulphite, the irregularities 
were eliminated. It is thus clear that the action of light can 
be duplicated qualitatively by the action of a solution of any 
reducing agent having a suitable reducing power. Conse- 
quently the latent image must consist of some reduction 
product of silver bromide and cannot be a physical modifica- 
tion of silver bromide. 

Latent Image is not Free Metallic Silver 

The latetit image cannot consist of a nucleus of metallic 
silver because the latent image does not show the chemical 
reactions of metallic silver, because it does not show the 
electrical potential of metallic silver, and because this 
hypothesis cannot well be reconciled with the ordinary facts 
of development and cannot be reconciled at all with the facts 
of solarization. 

Liippo- Cramer’s experiments with nitric acid bring out 
clearly that the latent image does not behave like a mixture 
of silver bromide and metallic silver ’ 

“In order to test the action of nitric acid on a collodion 
emulsion, I started with a dilute acid ('12.5 percent HNO,). 
The plates were moistened with water, bathed for i minute 
in the acid, and then washed thoroughly. One ])latc was 
exposed before the treatment with nitric acid, one after 
treatment with acid, while a third plate was exposed and not 
treated with acid. The plate which was bathed in nitric 
acid before the exposure gave exactly the same image as the 
plate which was not dipped in acid at all. In the case of the 
plate dipped in acid after exposure to light, only the high 
lights and some of the half tones came out. The image was 
like the one that would be obtained by one-fourth the ex- 
posure. 

’ Lilppo-Cramer: Phot. Correspondenz, 38, 145 (1901): Jour. Phys. 
Chem., 15, 571 (1911). 
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“When an acid containing 33 percent HNO3 was used, 
the plate which was exposed after the treatment wdth acid 
gave the same results as the check plate. The one treated 
with the acid after the exposure gave only a slight precipitate 
in the high lights. Nitric acid of this concentration dis- 
solves the fine-grained silver of a Lippmann photochrome 
rapidly but not the precipitate in a collodion process negative. 
It w^as necessary therefore to play the last trump and to use 
concentrated nitric acid (sp. gr. 1.4) containing 65 percent 
HNO.,. This acid attacked the collodion along the edges 
and the latent image disappeared completely. The plate 
which was exposed after the treatment with acid gave nearly, 
though not quite, as strong an image as that on the check 
plate.” 

Ltippo-Cranier uses these experiments to show that the 
latent image can be destroyed by a sufficiently concentrated 
nitric acid and that therefore one cannot postulate a silver 
subbromide insoluble in nitric acid. That is reasonaV^le 
enough as an argument against Eder; but it does not affect 
tne because I have no wish to postulate any silver subbroniide 
at all. The experiments do show that the latent image is 
much less readily attacked by nitric acid than is the case with 
ordinary metallic silver. 

Heyer’s experiments* with silver chloride containing no 
binder gave similar results. “Heyer prepared .suV^chloride 
by (Umtz’s method, heating silver subfluoride with phos- 
phorus trichloride in a sealed tube to 140°. He tried to find 
a characteristic reaction wdiich w^ould distinguish between the 
subchloride and a mixture of silver and silver chloride in the 
molecular ratio of one to one. The nearest that he came to 
one was that nitric acid at first dissolves the excess of silver 
readily from (Unitz’s subchloride w^hereas strong nitric acid 
(sp. gr. 1.2) does not dissolve any silver when the excess of 
silver over that required for silver chloride has been reduced 
to 1 to 2 percent. The specific gravity of Guntz’s subchloride 

* Wclsz: Zeit. phys. Chem., 54, 310 (1906); Jour. Phys. Chem., 15, 559 


(1911). 
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(6.76) is very close to that of a molecular mixture of silver and 
silver chloride (6.91).’' 

This experiment is also a failure as regards any attempt 
to prove the existence of a hypothetical subchloride; but 
it is pretty conclusive as to the absence of free metallic silver 
when the excess of silver over silver chloride becomes small. 
The discrepancy in the two specific gravities may well be a 
real one if we assume adsorbed silver. Weisz* apparently 
feels much the same way about it. 

“The agreement between the observations of Heyer and 
of Baur is of importance for the question of the latent image. 
Heyer found that the last one or 2 percent of the excess of 
silver in Ountz’s subchloride is only removed very slowly 
even by strong nitric acid. Baur noticed the same thing 
with his photochloride plates. This is in accord: with the 
observations of Carey Tea; with the usual statement that the 
latent image is not destroyed by nitric acid; and with my own 
experiments on plates containing no binder. I found that the 
visible blackening and the latent image are not changed by 
being soaked for an hour in nitric acid (sp. gr. 1.4); also 
that there is no sign of any bleaching when the plates are left 
for five weeks in a solution containing 20 percent ammonia 
iron alum, 20 cc cone. H,SO^ per 100 cc solution, and a trace 
of silver as ion. This confirms the earlier experiments of 
IvUther and contradicts a statement by Wetzlar to the effect 
that the bleaching is complete under these circumstances." 

Chapman Jones^ cites the behavior of the latent image 
with ammonia to prove that the latent image is neither 
metallic silver nor a subbroraide. For the moment we are 
chiefly interested in the first conclusion ; but we shall endorse 
the second one later. 

“One of the most direct pieces of evidence against the 
decomposition hypothesis is furnished by the action of a solu- 
tion, of ammonia. This reagent, it is admitted, decomposes 

’ Zdt. phys. Chem., 34, 319 (1910); Jour. Phys. Chem., 15, 561 (1911). 

^ "Science and Practice of Photography,” 384 {1904); Jour. Phys. Chem., 
15, 342 (1911). 
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silver subbromide, leaving half the silver as metal. There- 
fore, taking cognizance of this reaction only, the application 
of ammonia to the plate first in development ought approxi- 
mately to halve the speed of the plate, because the amount 
of the metallic silver produced by its action would be one-half 
the quantity produced by the initial action of the developer, 
which, according to the theory, reduces the subbromide 
entirely. Or, if the speed of the plate is not so much affected, 
certainly development should be retarded by the previous 
application of the ammonia, because it would give only half 
the amount of metallic silver to start with. But, as a matter 
of fact, applying the ammonia first, rather quickens de- 
velopment, and tends to increase the apparent sensitiveness 
of the plate. 

“An ordinary solution of ammonia is a good soh’ent for 
.finely-divided silver, the oxygen of the air dissolved in it 
taking part in the reaction. The previous application of 
ammonia should, therefore, not only straightway halve the 
amount of metallic silver that would otherwise be available, 
but at once begin to get rid of the other half by dissolving 
it. As the largest possible amount of silver is exceedingly 
minute, thousands of times smaller than the smallest quantity 
directly detectable, and so finely-divided, withal, as to be 
invisible, the ammonia should dispose of it quickly. Now the 
effects of the ammonia are not imaginary effects; they can 
easily be verified. But as a matter of fact, ammonia facili- 
tates development. Ammonia does not act on the develop- 
able image as it does act on silver subbromide. This, there- 
fore, is evidehce that the developable image does not consist 
of silver subbromide.” Since ammonia does not act on the 
developable image as it does on free metalUc silver, it is 
evident that the developable image does not consist of free 
metallic silver. 

The conclusions of Chapman Jones are not justifiable in 
so far as they relate to speed of development. He is postu- 
lating that the only action of ammonia is a solvent one where- 
as the presence of the ammonia makes the subsequent de- 
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veloper more alkaline and therefore increases the rate of de- 
velopment. He has also omitted any reference to the solvent 
action of ammonia on silver bromide, probably considering 
that this would also cut down the rate of development. This 
hypothetical conclusion is undoubtedly erroneous; but a dis- 
cussion of this point belongs under the theory of developers 
and therefore cannot be taken up now. Chapman Jones is 
right, however, in pointing out that the ammonia would dis- 
solve that amount of silver if it were present as free metallic 
silver. 

There is an interesting false conclusion in one of Liippo- 
Cramer’s papers.' 

“It is quite unnecessary to make hypotheses in regard to 
the latent image because there is no reason to suppose that we 
have anything but silver bromide. Silver bromide was 
precipitated from aqueous solution with an excess of bromide. 
It was spread out in a flat dish and exposed to diffused light 
for 3 hours, during which time it was kept moist with water 
and was stirred thoroughly so as to keep exposing a fresh 
surface. The silver bromide became grayish violet in color, 
and bromine could be detected in the water by the smell or 
by the reaction with silver nitrate. When the darkened 
silver bromide was heated with concentrated nitric acid, no 
silver was dissolved and the color did not change appreciably. 
The decomposition prodiict of the silver bromide was not 
completely .soluble in thiosulphate. Although most of it 
dissolved, the solution was turbid and grayish blue by trans- 
mitted light, which indicated the presence of suspended silver. 
These reactions show that some bromine is set free during a 
long exposure to light. 

“If we study carefully the action of light on precipitated 
silver bromide, we notice that there is a visible color change 
in a very short time. The silver bromide changes in a few 
seconds from the original greenish yellow to a green which 

‘ Ltippo-Cramer: Phot. Correspondenz, 38, 222 (1891); Jour. Phys, 
Chem., IS, 577 (1911). 
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passes into a greenish gray. When silver bromide has only 
changed to this extent no bromine can be detected in the water 
and the silver bromide dissolves completely in thiosulphate. 
From this it appears to follow that a setting free of the bromine 
occurs only after a very long exposure, although light can 
cause in a very short time a change which can be recognized 
by the color passing through a series of shades.” 

The inability to dissolve any silver from the silver bromide, 
which had been acted on by light for a long time, is due to 
experimental error, to not using a sufficiently concentrated 
nitric acid. This was recognized by Liippo-Cramer in the 
paper published ten years later. The conclusion that a 
soluble, bromide should be found in the water when silver 
bromide was exposed to light for a short time rests on the 
tacit assumption that there is no adsorption by the silver 
bromide. This assumption was a perfectly legitimate one 
at the time Liippo-Cramer wrote if we assume that he was not 
familiar then with the work of Carey Lea, but it is not per- 
missible to-day. We know now that soluble bromides pep- 
tonize silver bromide* and are adsorbed by it. When the 
amount of silver bromide is very large relatively to the amount 
of soluble bromide, it will be almost impossible to detect this 
latter in the water. Liippo-Cramer considers that no decom- 
position takes place because on short exposure the discolored 
silver bromide dissolved completely in thiosulphate. There 
are possible sources of error here. Since Liippo-Cramer, 
on his own showing, did not wash the adsorbed hydrobromic 
acid out of the decomposed silver bromide, the bromide may 
have reacted with the silver as the silver bromide dissolved. 
A more plausible explanation is that the dissolved silver 
bromide did not dissolve completely in sodium thiosulphate; 
but that the colloidal silver left was not detected by Liippo- 
Cramer. In 1891 that error might easily be made. Some- 
thing of this sort must have taken place because Liippo- 
Cramer has swung round since then to a belief in the fact of a 


* Cf. Jour. Phys. Chem., 14, 17 (1910); 16, 48 (1912). 
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decomposition when silver bromide is exposed to light and 
consequently he himself postulates some error in these ex- 
periments. 

Though the quantitative experiments on the electrical 
potential of the silver halides are not very conclusive as to 
the nature of the phases, the difliculty of the measurements 
and the fact that no two people get quite the same values 
are conclusive evidence, to my mind at least, that we are 
dealing with something more than the two coexistent phases, 
silver and silver chloride If those were the only possible 
phases, the measurements should be simple to make and it 
should be possible for anybody to reproduce the results. 

We now come to the question of development in its 
bearing on the theory that the latent image consists of free 
metallic silver. Sheppard and Mees^ find no great difficulty 
here. 

“ Proceeding from the fact that a ‘germ ’ of metallic silver 
will induce the deposition of further silver upon it from a 
supersaturated solution, it provides the most satisfactory 
theory of development, but fails to account for the resistance 
of the ‘latent image’ to oxidizing solutions of such potential 
as to destroy metallic silver. It is also to some extent in- 
consistent with the initial induction in development.” 

A pertinent comment on this seems to be Liippo-Cramer's 
statement" that “the fact that grainless silver will cause 
bromide in a collodion emulsion to be reduced by the de- 
veloper is no proof that metallic silver is formed on exposure 
to light.” Naniias’’ goes much farther and refuses to admit 
that development can be accounted for on this hypothesis. 

“In spite of the excellent reasons in support of this 
chemical theory [Abegg’s silver nucleus theory], which is 
much superior to the one based on the assumption of the sub- 
bromide, it will not be accepted by everybody. Why should 

* ''Theory of the Photographic Process,” 199 (1907); Jour. Phys. Chem., 
15, 551 (1911). 

® Jour. Phys. Chem., 15, 573 (191^)- 

® Chimie Photographique, 113 (1902); Jour. Phys. Chem,, 15, 352 (1911). 
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one admit that this infinitesimal quantity of metallic silver 
forms regularly throughout the whole depth* of the film 
to be developed? Why does the silver reduced by light 
exert an attraction on the silver bromide to be reduced in the 
developing bath only downwards through the film and not 
sideways from the points which have been exposed to light? 
We might make many other objections but there is always the 
difficulty of accounting for the way in which development 
takes place when we adopt any theory which presupposes 
an attraction. In order to be free from the objection just 
cited, any theory, molecular or chemical, must postulate 
that the change which makes the silver salt developable occurs 
in all the particles of silver salt exposed to light and not 
merely in a few of them.” 

The objections raised by Namias are not necessarily 
fatal. We might assume that the metallic silver acts as a 
nucleus only to the .silver bromide grain from which it was 
set free, not being in actual contact with any other grain. 
We should have to supplement this, of course, by the further 
assumption that the rate of development was proportional to 
the surface of metallic silver exposed but that is just the 
assumption that is made explicitly. Since the extent of the 
silver surface grows very rapidly when the plate is developed 
with a so-called fast developer, I confess that it seems to 
me very difficult to account, on this hypothesis, for the deli- 
cate gradations that one actually gets. That, however, is, 
for the present, merely a matter of personal feeling and carries 
no weight as an argument against anybody w^ho feels differ- 
ently. On the other hand, it is quite impossible to account 
for the facts of solarization by this hypothesis. Longer 
exposure means more silver produced, though the amount may 
approach a limit. More metallic silver means more rapid 
reduction of the silver bromide grains and not less rapid re- 
duction. This has led people to have recourse to the assump- 
tion of a rebromination of the silver under conditions which 


[This objection seems to me not to amount to anything. W. D. B.] 
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are not specified very clearly. This is not tenable, however, 
in view of the fact that the phenomena of solarization can be 
duplicated without the action of light, merely by letting a 
suitable reducing • agent act for a longer time on the plate. 
Under these conditions there can be no rebromination of the 
hypothetical metallic silver and consequently there can be 
no decrease in the rate of development if the silver nucleus 
theory be correct. As a matter of fact tliere is a decrease 
in the rate of reduction and consequently the silver nucleus 
theory of the latent image is an impossible one. 

Latent Image is not a Subhalide 

While Luther’s earlier experiments pointed to the ex- 
istence of the definite compounds AgjCl and AgjBr, the more 
recent work from the same laboratory* has shown their non- 
existence. Reinders^ found no evidence of the existence 
of any stable compound of silver and silver chloride either at 
high or at low temperatures. The reactions of the latent 
image“ are not consistent with the existence of a compound 
having the formula Ag^Br. It is also impossible to account 
for the phenomena of solarization on the assumption of only 
one compound, no matter what composition or properties 
may be assigned to it. This has been admitted by Trivelli* 
who gets around the difficulty by postulating the existence 
of four compounds, Ag,Br,, AggEr^, Ag^Brj and AggBr^, the 
colors of these alleged compounds being green, blue, yellow 
and red, respectively. These alleged compounds have never 
been prepared in a state of purity and there is no satisfactory 
evidence as to their existence, and consequently we are 
justified in ignoring them and in concluding that the latent 
image is not a subhalide of definite composition. 

Some of the criticisms of the subhalide theory made 

* Heyer: Jour. Phys. Chem., 15, 557, 560 (1911). 

’ Zeit. phys. Chem., 77, 213 (1911). 

“ Cf. Jour. Phys. Chem., 15, 560 (1911). 

‘ Cf. Lhppo-Cramer: Das latente Bild, 23 (1911). 
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by Chapman Jones* are unfounded, but some of them are 
worth discussing. 

“The exceedingly minute amount of subbromide pro- 
duced by ordinary exposure, according to the decomposition 
hypothesis, is allowed on all hands to be very, very far from 
sufficient- to furnish by itself an image that can be seen or 
discovered in any way except by allowing it to grow. This 
growth, which means the reduction to the metallic state 
of the silver bromide that has not been affected by light by 
the indirect agency of that which has, is a necessary adjunct 
to the decomposition theory. The physical theory is complete 
in itself, and needs no supplementing. But the physical 
theory is in no way opposed to the fact that, under some 
conditions, the image spreads during development, unexposed 
silver salts being reduced to the metallic state. The dem- 
onstration that the image spreads in this manner, there- 
fore, is no proof of the chemical theory, though it removes 
a difficulty which, if it existed, would at once condemn the 
decomposition hypothesis. 

“ But in a gelatine plate, it has never been proved that 
the image does grow more than an almost negligible amount 
(if at all), such, for example, as might interfere in the photo- 
graphing of fine black lines. It is common experience that 
in the development of a gelatine plate a time comes wdien the 
‘development is complete,’ ‘the exposure effect is exhausted,’ 
‘there is nothing more to get,' ‘the density ceases to in- 
crease,’ to quote a few common phases. If the wbole image, 
except an indescribably small fraction of it, is the result 
of this growth or spreading, w'^hy should the growth of the 
image stop while the developer is still on the plate, instead 
of going on until the reduction of the silver salt is complete, 
and the plate is evenly black all over? It has been suggested 
that the growth cannot extend from granule to granule in the 
gelatine, but only from one part to another of the granule. 


‘ “Science and Practice of Photography,” 382 (1904); Jour. Phys. Chem., 
15.340(1911). 
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so that only those granules that have been affected by light 
by the production in them of a few molecules of subbromide 
are amenable to development. This refinement of the chemical 
theory appears almost equal to the surrender of it. It formed 
no part of the original idea, and that the exigencies of the 
case should reejuire such a suggestion is evident proof of the 
difficulty found in applying the chemical theory to the results 
of every day work. 

“According to the decomposition hypothesis of the nature 
of the developable image, all that the developer has to do 
is to reduce the subbroniide that is produced by the action 
of light to the metallic state, this silver by acting on un- 
altered bromide producing more subbromide, which is in turn 
reduced, and so on. The developer therefore simply reduces 
silver subbromide to the metallic state. This hypothesis 
obliges us to believe that there are some substances which 
can reduce silver bromide but cannot reduce the subbromide, 
or else the.se substances are of such a nature that the action 
of silver on silver bromide cannot take place in the presence 
of their solutions. The first suggestion seems exceedingly 
unlikely. With regard to the second, it is known that de- 
velopment is not hindered by ammonia or by a solution of 
ferrous citrate and ferrous oxalate, but, by mixing the two, 
the author has been unable to develop a developable image, 
although the silver salt was slowly and in the end copiously 
reduced. These difficulties and the need for the out-of-the- 
way suggestions do not exist if the physical theory is adopted 
It is only' what would be expected that some substances 
should be able to reduce the silver bromide that has been made 
less stable by the action of light without affecting the un- 
changed bromide, while other substances should be unable to 
discriminate between the altered and unaltered bromide 
It is often the case that it requires much care to distinguish 
by chemical means between two different physical con 
ditions of the same substances. 

“If there is decomposition, that is, if the developable 
image consists of silver bromide that has lost a part of its 
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bromine, then, as the function of the developer is to remove 
bromine (leaving the image in metallic silver), exposure and 
development ought to be to a considerable extent inter- 
changeable. But exposure and development are not inter- 
changeable, for exposure beyond a certain point makes de- 
velopment impossible . ’ ’ 

It seems to me quite unreasonable for Chapman Jones to 
object to the assumption that the growth does not normally 
extend from one grain to another. This is an assumption 
that must be made in every theory of the latent image. That 
it is a legitimate one for the upholder of any decomposition 
theory to make is shown by the difficulties which Ltippo- 
Cramer* encountered when trying to obtain reduction when 
metallic silver was kept in contact with silver bromide during 
the development. 

“Although Liippo-Cramer was not able to obtain a 
chemical development of a gelatine plate after adding silver 
nuclei, this fact was demonstrated by Weisz,‘‘ who showed 
that the important thing was to bring the silver particles 
in intimate contact with the silver bromide. He accom- 
plished this by flowing the plate in a silver nitrate solution, 
letting it dry in the air, and by dipping it for a moment first 
into a ferrous sulphate solution and then into a sulphuric 
acid solution. By regulating the concentration, any desired 
amount of silver could be precipitated. Satisfactory results 
were obtained with sohxtions containing 1-2 grams AgNO, 
per 100 cc and 8-10 grams FeS0^.7H20 per 100 cc. It was 
also found that chemical development could be obtained when 
nuclei of gold, of platinum, or of silver sulphide were formed 
in the film in a similar manner. On the other hand, no 
chemical development could be obtained when a solution of 
colloidal platinum was poured over the plate. The simplest 
explanation seems to be that the platinum did not diffuse 
into the gelatine.” 


* Cf. Jour. Phys. Chem., 15, 563, 579 (1911)- 

* Zeit. phys. Chem., 54, 3*3 (1906). 
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The experiments of Liippo-Cramer and of Weisz prove 
that the development does not spread from grain to grain 
even when the reduction is made possible only by the addi- 
tion of metal. These experiments overthrow the contention 
of Chapman Jones, quite regardless of whether we assume that 
the added silver is effective as free metal, as hypothetical 
subhalide, or after being adsorbed in some form. 

I do not know what Chapman Jones means by saying 
that the decomposition hypothesis ‘'obliges us to assume that 
there are some substances that can reduce silver bromide 
but cannot reduce the subbromide." It is possible that this 
is a misprint for substances that can reduce the subbromide 
but cannot reduce the bromide. Whatever Chapman Jones 
may mean, he is wrong when he says that the suggestion is 
unlikely. There are many reducing agents which will reduce 
an alkaline cupric solution to cuprous oxide which will not 
reduce the cuprous oxide to metallic copper. There are also 
many reducing agents which will reduce acetaldehyde to ethyl 
alcohol but will not reduce acetic acid.' Wliether it is easier 
to reduce silver bromide to subbromide or subbromide to 
metallic silver is a matter to be determined experimentally. 
It cannot be decided a priori. Of course Chapman Jones may 
have meant that whatever he meant was unlikely in view of 
other facts already known; but he certainly did not make 
himself clear. 

It is also somewhat difficult to see what the trouble was 
with regard to development in presence of ammonia, ferrous 
citrate and ferrous oxalate. An alkaline ferrous solution is 
a very powerful reducing agent and could not be expected to 
show fine gradations. The slowness of development is prob- 
ably a matter of diffusion. 

The paragraph in regard to the interchangeability of 
light and development is full of inaccuracies. It is not fair 
to say that the action of light and the action of the developer 
must necessarily be interchangeable because both tend to 

^ Cf. Luther and Wilson: Zeit. phys. Chem., 34, 488 (1900). 
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remove bromine from silver bromide. The upholders of the 
subhalide theory consider that the light reduces the silver 
bromide to a silver subhalide, while the action of the de- 
veloper is, according to Chapman Jones himself, to reduce the 
s,ubhalide to metallic silver, two entirely distinct reactions 
though .both involving a removal of bromine. As a matter 
of fact, Perley’s experiments* show that the action of light 
and of the developer are interchangeable provided the de- 
veloper is made dilute enough so that its reducing power is 
equivalent to the reducing power of light. It is not true, 
as Chapman Jones stated, that “exposure beyond a certain 
point makes development impossible.” What Chapman Jones 
means is that it is possible to select a certain exposure such 
that two intensities of light will affect the plate so that the 
two portions will develop of equal density. This is theo- 
retically true only for one exposure and for any other exposure 
it will be possible to develop an image. Under ordinary 
conditions there may be quite a range of exposures over which 
the difference is not very marked, though even this is only 
true in case one uses the same developing solution in every 
case. 

While the actual objections, raised by Chapman Jones, are 
not sound, there is one which he merely indicated and which 
is of importance. “ According to the decomposition hypothesis 
of the nature of the developable image, all that the developer 
has to do is to reduce the subbromide that is produced by the 
action of light to the metallic state, this silver, by acting 
on unaltered bromide, producing more subbromide, which is in 
turn reduced and so on. The developer therefore simply re- 
duces silver subbromide to the metallic state.” To give the 
speed of development which one gets with a so-called fast 
developer, the reaction of metallic silver and silver bromide 
within the grain to form the hypothetical subhalide must take 
place very rapidly. If it takes place rapidly, there should 
be no difficulty in making and isolating the subhalide, and 


Perley; Jour. Phys. Chem , 14, 685 (jgio). 
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yet all the attempts to do thi> have failed. Consequently 
I conclude that the latent image does not consist of a definite 
subhalide. Another argument in favor of this conclusion is 
that prolonged action of light does not reduce a silver halide 
to a definite subhalide as it must do, were a second phase 
formed. 

Latent Image is a Case of Adsorption 

Since the latent image is a reduction product of the silver 
halide, since it is not free metallic silver, and since it is not a 
definite subhalide, the latent image must be a phase of variable 
composition with silver bromide as the end term. This view 
was first suggested by Carey Lea. * 

“ For more than a generation past, the nature of the 
latent photographic image, that which forms the basis of de- 
velopment, has been in dispute Two theories have been 
maintained. According to the one, the first effect produced 
by light is simply a physical change, predisposing the elements 
of the silver haloid to dissociation, so that when a reducing 
agent is applied, the molecules so affected yield more quickly 
to its influence. According to the other theory, the invisible 
image is formed of a sub-salt (subchloride, etc.). Observa- 
tions which I published many years ago led strongly to the 
first-mentioned of these theories. But of late years, results 
have been obtained not easily reconcilable with it. On the 
other hand, the theory that the latent image is formed of sub- 
salt is opposed to striking facts. Silver subchloride, for ex- 
ample, is an unstable substance, quickly destroyed by dilute 
nitric acid. But I have formed a latent image on silver 
chloride and after exposing it for 5 minutes to the action of 
strong nitric acid (sp. gr. 1.36) have developed the image 
without difficulty; the same with silver bromide. Evidently 
these images, which so strongly resisted the action of undiluted 
acid, could not be formed of simple subchloride and subbromide 
of silver, substances quickly destroyed by it. 

“In the desire to find a satisfactory explanation of the 

' Am. Jour. Sci., f.i] 33, 349 (1887); Jour. Phys. Chem., 16, 29 (.1012). 
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nature of the image based on adequate chemical proof, I 
have devoted nearly three years of laboratory work to this 
and to closely allied subjects. I am led to the conclusion 
that neither of the older views is correct. A truer theory 
seems to be deducible from the result of some experiments 
which I published in 1885, to the effect that the silver haloids 
were capable of uniting with certain other substances, much 
in the same way that alumina forms lakes. When a silver 
haloid was precipitated in the presence of certain coloring 
matters they combined with it, and though soluble in water, 
they could not be subsequently washed out. They had 
formed a somewhat stable compound, although the propor- 
tion of the coloring matter was very small in comparison 
with the haloid; evidently much too small to represent a 
stoichiometrical composition. 

''Now I find that a silver haloid may in the same way 
unite with a certain proportion of its own sub-salt, which 
by this union quite loses its characteristic instability and 
forms a compound of great permanence. 

'‘Another explanation is poSvSible: the sub-salt may 
combine with the normal salt, not in the manner above de- 
scribed but in a stoichiometrical proportion, and this com- 
pound may be diffused through ordinary silver haloid. I 
have not been able to find any reaction decisive between 
these explanations, but the general behavior of the substance 
seems rather to indicate the first named explanation as the 
true one. When the red chloride, for example, has been boiled 
with dilute nitric acid for a few moments to eliminate any 
uncombined subchloride, the proportion of subchloride left 
has never exceeded 8 or 9 percent in over thirty specimens 
analyzed. If we took this to represent a compound in equiv- 
alent proportions, we should have to suppose the union of at 
least twenty equivalents of AgCl with one of Ag2Cl, which 
is improbable. If we suppose that these colored substances 
containing less than 0.5 percent up to 8 or 9 percent of Ag2Cl 
consist of a compound of one equivalent of subchloride united 
to a small number of equivalents of normal chloride, mixed 
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mechanically with a large quantity of normal chloride, then 
it would be improbable that specimens could not be obtained 
containing a larger proportion of this compound and conse- 
quently of AgjCl, but, as already said, specimens containing 
more than 9 percent after thorough treatment with nitric 
acid to remove the uncombined subchloride I have never 
obtained : generally the amount is less. 

“Even when silver chloride, bromide or iodide contains 
as little as one-half of i percent of sub-salt combined, its 
properties arc greatly changed. It has a strong coloration 
and its behavior to light is altered. Even a much less quan- 
tity, one inappreciable to analysis, is capable of affecting 
both the color and the behavior to light. It is one of these 
latter forms of this substance that constitutes the actual 
material of the latent photographic image.” 

Carey Eea* has also shown “ that silver chloride (and 
doubtless the otlier silver haloids) can unite with small quan- 
tities of certain other metallic salts. That an actual combina- 
tion, though one cjuite outside of atomic proportions, takes 
place, is proved by two facts: first, that the chloride with 
w'hich the silver haloid united, though soluble in water, is not 
removable by water; again, that the properties of the haloid 
are markedly changed. 

“This combination with other metallic chloride furnishes 
a much nearer parallel case to the photo salts than does the 
combination with a dye. For if silver chloride is found to 
be capable of taking up a small quantity of ferric or other 
chloride, and of retaining it so firmly that it cannot be re- 
moved by washing, and only with some difficulty by HCl, we 
are thereby justified in admitting that the silver haloid may 
easily form a stable combination with a small proportion of 
its own sub-salt. 

“ In all these compounds the tendency seems alw^ays to the 
combination of a large proportion of the silver haloid with 
a small one of the other substance, whether the latter is a 


' Am. Jour. Sci., (3] 34, 384 (1887); Jour. Phys. Chem., 16, 48 (1912). 
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dye, another chloride, or a silver sub-salt — all show the same 
disposition, so that I am justified in saying that my view of 
the nature of the photosalt is supported by the existence of 
many analogous bodies.” 

The adsorption of soluble halides has already been re- 
ferred to*- as accounting for the fact that Liippo-Cramer found 
no soluble bromide when light had acted for a short time on 
silver bromide immersed in water. The same explanation 
undoubtedly applies to the results of Hurter and Driffield. “ 
‘‘A gelatino-bromide plate (fi’/j by 4®/^ inches) was exposed 
to the light of two standard candles, one on either side of the 
plate at a distance of half a meter, for 33 minutes. The plate 
was then well washed with pure distilled water to remove 
any bromine which might either become free as such or which 
might, by action on the gelatine, have formed hydrobromic 
acid. The result was that no soluble bromine could be de- 
tected in the wash water.” 

Subsequent experiments have confirmed Carey Tea’s 
view that the latent image is a case of what is now called 
adsorption. The experiments of Heyer, Baur, and Weisz, 
to which reference has already been made,“ brought out that 
the last traces of the excess of silver are only acted on by very 
concentrated nitric acid. 

Identity of Photohalides with Latent Image 

Though Carey Lea was the first to suggest that the latent 
image is a case of what we now call adsorption, the working 
out of this idea is due chiefly to Luppo-Craraer,^ who has 
emphasized the fact that the photohalides of Carey Lea are 
identical with some of the latent images produced by long 
exposure to light. The recent experiments of Reindens' have 
helped greatly to clear up the whole question of the photo- 

’ Jour. Phys. Chem , 17, kk) (1913). 

- Ibid., 15, 35<^ (i 9 i 0 - 

« Ibid., I 7 » 9 b (1913)* 

* Cf. Kolloidchcniie und Pholojfraphk*, 70 (1908). 

® Zcil. phys. Chem , 77, 213, 336, 677 (191O; >tir. Phys. Chem , 16, la 

(1912). 
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halides. He fused silver and silver chloride together and 
also shook them together in presence of concentrated ammonia 
for 14 days both at 100° and at 20®. These experiments 
were carried on in the dark and gave negative results. He 
also ran a series of experiments in which silver chloride was 
allowed to crystallize from solution in daylight. Some of his 
conclusions were as follows : 

(1) No stable compound of metallic silver and silver 
chloride is formed either at high or low temperature. 

(2) When silver chloride crystallizes from solution in 
diffused daylight, the crystals are colored uniformly through- 
out. The crystals have exactly the same form as the pure 
silver chloride. 

(3) In concentrated solutions of ammonia or of sodium 
hyposulphite the photochloride dissolves to a colorless solu- 
tion of silver chloride, the excess of silver remaining as a black 
powder. In the case of some very dark blue samples this 
excess varies from 0.5 1,0 percent. In most crystals it was 
much less, barely a few tenths of a percent. 

(4) If a little gelaline is added to the ammonia solution, 
the pholochloride dissolves completely, forming a silver 
solution, the color of which varies with the color of the photo- 
chloride, the blue crystals giving a red solution and the red 
crystals a yellowish brown one. 

(5) Colloidal gold and some organic dyes are taken up by 
silver chloride, the crystals being uniformly colored. The 
crystals of potassium, rubidium, and caesium alums can be 
stained with colloidal silver. 

(6) Photochloride is silver chloride colored with adsorbed 
colloidal silver. 

The identity of the photohalides with the latent image 
produced by fairly long exposures follows from a study of the 
behavior towards reagents. A further confirmation is to be 
found in Tuppo-Cranier’s experiments^ on the behavior of 

^ Liippo-Cramer. Phot. Corrcspondenz, 46, 493 (1909); 47, 128 (191^0 > 
48. 363 (1911), Jour. Phys. Cheni., 16, 97, 99, 122 (1912). 
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synthetically prepared photochloride gelatine and on the 
analogous behavior of a chloride film which has been exposed 
to light. 

“In a previous paper* I have shown that the silver 
nucleus adsorbed in the photochloride acts chiefly as optical 
sensitizer and that clear light-images can be obtained on such 
films. The photochloride therefore has not the characteristics 
of a ‘nucleus’ and only acquires these when exposed to light. 
This discovery of mine was quite unexpected and seemed 
to be awkward for the theory of the latent image on silver 
chloride being an adsorption compound of silver. This ob- 
jection was raised by Eder.“ There are several things to be 
said in regard to this. The synthetically prepared silver 
chloride gelatine was treated with strong oxidizing agents 
to remove the soluble adsorbed silver. It is well-known 
that such a proceeding weakens very considerably the latent 
image due to light or prevents its development. If the 
photochloride gelatine is not treated with oxidizing agents, 
the films develop rapidly and intensely either with chemical 
or physical development. 

“It seems rational to treat the photochloride formed by 
light in the same way as the synthetically prepared product. 
Fine-grained silver chloride gelatine plates were exposed to 
diffused daylight until they were colored pink and were then 
treated for 5 minutes with a chromic acid mixture,® after 
which they were washed thoroughly and dried. On these 
plates it was possible to develop strong pictures with an ab- 
solutely clear ground either by physical or chemical (ferrous 
citrate) development. The very fine-grained silver chloride 
films used at first, bleached nearly completely after treatment 
with chromic acid and consequently showed practically no 
color-sensitiveness. I therefore changed to a silver chloride 
emulsion having a somewhat coarser grain. Very satisfactory 
for this purpose was a recipe which I had found useful in 

’ Lappo-Cramer: Phot. Correspoadenz, 46, 373 (1909). 

* Phot. Correspoadenz, 46, 379 (1909). 

* Five grams ^Cr, 0 „ 15 cc concentrated H,S04, 500 grams water. 
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making emulsified photochloride/ If one omits the colloidal 
silver and, of course, the treatment with persulphate, one 
obtains a fine, white emulsion which turns blue in the light 
and is not bleached by chromic acid. Such films, of photo- 
chloride prepared by light, show a panchromatism over the 
whole visible spectrum similar to that shown by my photo- 
chloride plates prepared by adsorption. We thus have in the 
photochloride films formed by light exactly the same be- 
havior as in the synthetically prepared product. Experi- 
ments with silver bromide gelatine gave results of the same 
general nature. 

“It is known that dry plates which have received a 
solarizing exposure may be made ready to receive a new 
impression by treating with persulphate^ or hydrogen per- 
oxide.® It is clear that this is analogous to the behavior 
of the photochloride gelatine when treated with oxidizing 
agents, cpiite regardless of whether the silver nucleus is the 
result of ex|x)sure to light or of adsorption. 

“It was found [in the paper last quoted] that the photo- 
chloride obtained by adsorption is readily reduced by the 
developer only when, in addition to the insoluble and firmly 
adsorbed silver, there is also in the silver chloride grain some 
free silver or some silver which is less firmly held. The 
photochloride obtained by light behaves in exactly the same 
way. If the soluble silver is removed, the remaining, firmly 
adsorbed, silver acts merely as an optical sensitizer. In this 
respect there is also a complete agreement between the two 
photochlorides, though prepared in such different ways. The 
products obtained by the action of light on silver bromide 
we have similarly as can clearly be seen in the so-called Albert 
experiment. 

“I have elsewhere remarked that the interesting charac- 
teristic of the synthetically prepared silver bromide, of giving 


* Ltippo-Cramer; Kolloidchcmie und Photographic, 99 (1908). 
Schaum: Phot. Correspondenz, 39, 583 (1902). 

* Luppo-Cramer: Phot. Correspondenz, 39, 695 (1902). 
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reversed pictures on development after an exposure, is ap- 
parently not in harmony with the reactions of the photo- 
chlorides or with the behavior of the photobromides when 
obtained by exposure to light. The analogy is, however, 
really complete. The photobromide gelatine emulsions, as 
appears from my careful description of the method of prep- 
aration, were treated with a fairly dilute nitric acid, in order 
to prevent any disturbing liquefying action of the acid on 
the gelatine of the emulsion. Under these conditions, what 
silver was really ‘free’ was removed but we did not remove 
all the silver that could be taken out by oxidizing agents. 
If the dried photobromide film is dipped again into a strongly 
oxidizing solution, lo percent chromic acid for instance, 
there is no change in the color of the film, but such plates 
then give normal images when developed just as do the photo- 
chloride gelatine films. When photobromide gelatine is 
treated with strong oxidizing agents it behaves exactly as 
does silver when given a solarizing exposure and then treated 
with strong oxidizing agents. The agreement is so complete 
that I could illustrate the effect of chromic acid in eliminating 
reversals on my synthetically prepared photobromide plates 
by means of the pictures w'hich Eder' has published in con- 
nection with his investigations on the elimination of photo- 
chemical solarization by chromic acid. 

“The solarization of .silver bromide is forced back by 
substances like hyposulphite or sulphite, which dissolve 
silver bromide, and the reversing action of light on the 
synthetically prepared photobromide is also checked by these 
substances. It was often observed that where the light had 
bleached some of the fields under a plate tester, the color 
became darker when the film was treated carefully with sub- 
stances which dissolve silver bromide. What happens is 
that the lighter portion, where the silver bromide has been 
superficially regenerated is dissolved and the darker photo- 
bromide is exposed. 

*»Hder and Valenta: Sitzungsber. Akad. WiSvS, Wien, 113 II, 168 (1904). 
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“ Another important agreement between the synthetically 
prepared photohalides and the photo-decomposition products 
of the halides is the decrease in sensitiveness which comes 
to the silver halide from the adsorbed silver regardless whether 
the silver is obtained by exposure to light or by direct ad- 
sorption.” 

One of the objections to considering the latent image as 
a photohalide is that we do not get bright pink plates when we 
expose a dry plate to light. This objection has recently been 
discussed by Liippo-Cranier* who admits that ‘the question 
might be raised whether it would not be possible to obtain 
the scale of colors by exposing the silver halides to white 
light, varying merely the intensity or the time of exposure. 
Regular photographic practice shows that this is generally 
not the case. On printing-out paper one never observes 
either a yellow or an orange-colored silver nor do we get 
marked differences in color in the different tones of a print. 
With ordinary silver bromide films there is even less of any 
definite color to be seen. It is possible that the speed of re- 
duction might be the reason why, with silver chloride, they 
form at once the largest particles of silver which are possible 
in view of the size of the silver chloride grains. With most 
silver bromide films, the absence of any vivid color as a result 
of the direct photochemical decomposition is due chiefly to 
the fact that these emulsions contain grains of very different 
sizes. Even if some of the grain tended to give bright 
colors, this difference in size w'ould keep such an effect from 
being noticeable because very impure colors would result 
from the photochemical decomposition of the grains of such 
different sizes. 

‘‘Now I found, when studying the development by light 
of the latent images produced by Rontgen rays, radium rays 
and ultraviolet light,® that certain fine-grained silver bromide 
films (Schleussner transparency plates), after disintegration 

* Phot. Corrcspondenz, 48, 353 (1911). 

* Ibid., 47 . 576 (1910)- 

® Lfippo-Cramcr: Die ROntgcnographic, 29 (1909). 
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by these forms of energy, developed a rather bright pink 
color when decomposed more by light. When exposed to 
light in presence of halogen adsorbers, these films gave some- 
times quite distinct colors. Microscopical investigation 
showed that the grain was fairly uniform. 

“I obtained extraordinary interesting preparations by 
bathing these plates in a 2 percent silver nitrate solution 
and then drying. If these plates are exposed under the Chap- 
man Jones plate tester to sunlight for 1-2 hours, or for a 
correspondingly longer time (1-2 days) to bright, diffused 
daylight, one sees an intensely blue-black color spread uni- 
formly over all the twenty-five spaces.’ The slight tinge 
of blue in the photochemical blackening does not prepare one 
at all for the beautiful effect which appears when the plate 
is fixed in hyposulphite or ammonia. In the fields corre- 
sponding to the least exposure the plate is a pure yellow, 
which changes as one passes along the rows through orange 
and red to violet and blue. The colors are so pure and beauti- 
ful that I recommend this very simple experiment to all 
lovers of a beautiful experiment. This color scale shows in 
its course a complete agreement with the color scale of col- 
loidal silver obtained by my nucleus method’’ or by successive 
intensification of amicrons. The colors show only by trans- 
mitted light. By reflected light one sees only the bright, 
reflecting silver. One does not get in this way the depth 
of color which one gets in the previously described methods of 
preparing colored silver, by purely chemical methods. 

“This photochemical method brings out clearly what one 
really ought to have expected from what is already known 
about colored silver. When the silver formed by exposure 
in silver bromide is laid bare by fixing the plate, the colors 
appear in the usual order, which shows that, with increasing 

^ Just as with the silver chloride printing papers, one notices the familiar 
phenomenon of a solarizing reversal, which even reaches the second stage if 
the exposure has been very long. This anomaly disappears when the plates are 
fixed. 

^ Phot. Correspondenz, 47, 337, 527 (1910). 
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exposure to light, the particles grow from yellow to red and 
blue. I'his growth takes place fairly slowly in the case of 
silver bromide and possibly more uniformly and more effect- 
ively.' I have not been able to obtain similar results with 
any silver chloride preparation. 

“The formation of the silver evidently takes place on 
the surface of the silver bromide grains, for oxidizing agents 
destroy nearly all traces of the direct photochemical blacken- 
ing. In connection with this I should like to refer to a for- 
mer paper,'* in which I showed that yellow and reddish tones 
can be obtained with these silver bromide emulsions by suit- 
able development whereby the silver apparently separates 
only on the surface of the grain. 

“It is worth noting that no trace of color is to be seen, 
before fixing, on the silver bromide films containing silver 
nitrate. These plates therefore differ strikingly from the 
films of the old polychromy where the great difficulty was 
that the colors could not be fixed. When the bluish black 
silver is fixed, there is probably a peptonizing disintegration 
of the silver similar to that observed when Rontgen ray latent 
images are develojied by light. A similar change in the 
dispensity of silver was also noticed by W. Reinders when his 
crystallized photochlorides dissolved in ammonia containing 
gelatine; the blue photochloridc gave red silver and the red 
photochloride yellow silver.” 

There has been a good deal of discussion whether the 
constituents of the new phase are silver bromide and silver or 
silver bromide and an unknown subbromide. This is rather a 

‘ I have assumed that here, as in many cases, the speed of the photo- 
chemical reduction has an effect on the degree of dispersity of the silver. In 
favor of this point of view is the fact that all changes in the sensitizing bath, 
which increase the rate at which halogen is removed, prevent the formation of 
the different colors on the silver bromide films containing silver nitrate. The 
addition of citric acid, the conversion of silver salt into ammoniacal silver oxide, 
even the increase of the silver nitrate concentration to 10 percent, prevent the for- 
mation of the color scale; only uniformly brownish or reddish colored images 
being formed. 

^ Atelier dcs Photographen, No. 8 (1908). 
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waste of time. In the case of solid solutions it is the fashion 
to give the alleged constituents; but we have no certain method 
of deciding what they are. If we have a continuous series of 
solid solutions, as with potassium sulphate and ammonium 
sulphate, there is no reason to postulate anything but the two 
single salts as the substances which crystallize together. 
When copper sulphate crystallizes with a large excess of 
ferrous sulphate, it is often said that the constituents are 
FeS0j.7H20 and a hypothetical CuSO^.yHjO; but we do not 
know this definitely. When it comes to copper and zinc, 
which form several series of solid solutions, we are absolutely 
at sea. We can postulate allotropic forms of copper or of 
zinc, or we can invent imaginary compounds, the last being 
the popular practice; but we know absolutely nothing about 
it. In the case of the latent image, we are apparently dealing 
with a case of adsorption instead of solid solution; but that 
does not help matters very much as yet. If one insists on 
specifying the constituents, it is at least simpler not to assume 
a hypothetical subbromidc. There is also the further ad- 
vantage that one can connect the colors of the photohalides 
with the colors of colloidal silver. ‘ 

“All the properties point to the photohalides being 
normal salts of silver which are colored by a small amount 
of colloidal silver. We can picture to ourselves the way 
in which the particles of colloidal silver are distributed through 
the silver halide crystals as being similar to that postulated 
by Siedentopf for the distribution of metallic sodium through 
blue rock-salt. The different properties of the photohalides 
must be due to the number, the shape, and the distribution 
of the particles of colloidal silver through the solid silver 
halide. When the photohalides are exposed to light, we get 
the same order of colors, yellow, orange, red, violet and blue, 
which we get from the reduction of gold or silver solutions, 
the series ending with the coagulation of the metal. Conse- 
quently, it is probable that the difference in the color of the 

* Rcinders: Zeit. phys. Chem., 77, 303 (1911); Jour. Phys. Chem., 16, 
104 ( 1912). 
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photohalide is due chiefly to a difference in the size of the 
particles of vSilver.” 

Arguments against Decomposition Theory are not Argu- 
ments against Adsorption Theory 

Most of the arguments against the latent image being a 
reduction product turn out, when examined, to be arguments 
against the existence of silver or of a definite subhalide. They 
lose their force in the case of a phase of variable composition. 
Thus Chapman Jones' writes: 

“If there is decomposition, the amount of silver salt 
that is decomposed must be exceedingly minute, small almost 
beyond imagination. The amount of decomposition might 
be increased many thousands of times V)efore the products 
of decomposition would have accumulated in sufficient quan- 
tity for direct recognition. The exceeding minuteness of the 
extent of the decomposition is allowed, as it must be, by all 
who advocate the decomposition theory, hut it is a very 
weak point in that theory, as will be subseciuently shown. 
If the change is regarded as physical only, this difficulty 
disappears altogether, and the quantity of silver salt changed 
into the developable condition is readily recognized and 
weighablc. 

“The remarkable stability of the developable image has 
been adduced as an argument in favor of its consisting of a 
substance that is chemically, and not merely ])hysically, 
different from the original silver bromide. Rut there is no 
reason why a physically changed silver bromide should not 
he as stable, or even more stable, than the subbromide. The 
soluble and insoluble varieties of sulphur remain soluble and 
insoluble respectively for long enough. The black and 
red sulphides of mercury are chemically identical, and both 
are stable. The same may be said of the yellow and red 
oxides of mercury. And each of these substances, it may be 
noted, behaves to certain reagents in a different manner 

* ''Science and Practice of Photography,” 378 (1904); Jour. Phys Chem., 

15, 3.V) (1911)- 
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from the other, though both, in each case, have the same 
composition. Many other examples might be quoted. On 
the other hand, many of the products of chemical change are 
exceedingly unstable. 

“The stability of the developable image is not' much 
argument for or against either theory of the nature of the 
developable image, but what little weight it has, appears 
rather to favor the physical theory. An exceedingly minute 
amount of metallic silver or silver subbromide would prob- 
ably be more readily affected by outside adverse influence 
than a physically modified silver bromide present in rel- 
atively very large quantity. Moreover, the silver or the 
subbromide is in any case, according to the chemical theory, 
in the immediate presence of the bromine that it has lost, 
and one cannot accept this theory without supposing that the 
bromine easily leaves the gelatine and returns to the silver 
or else that aerial oxygen readily oxidizes the subbromide, 
as these are the only explanations of reversal that have been 
suggested to fit in with that theory. The stability of the 
developable image becomes, therefore, from this point of view, 
a strong argument in favor of the physical theory, because 
it is necessary that the image shall be unstable according to 
the chemical theory.” 

The stability of silver or of a hypothetical silver sub- 
bromide adsorbed by a large mass of silver bromide is quite 
different from the stability of the substance as a separate 
phase. In the experiments of Carey Lea, previously cited, 
it was shown that soluble salts were retained by silver chloride 
so that they could not be removed by washing. Animal 
charcoal will decompose barium formate, sodium acetate, lead 
acetate, calcium glycollate, zinc lactate, ammonium oxalate, 
and sodium potassium tartrate to some extent, so that the 
percolates are distinctly acid.* Sodium, calcium, and barium 
benzoates are adsorbed to such an extent that practically 
pure water passes through, and the same is true of mercuric 
chloride. 

* Liebennann: Jour. Chcm. Soc., 34, 109 (1878). 
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The alleged difficulty in regard to solarization no longer 
exists because we know now that the bromine does not return 
to the decomposed silver bromide. The minuteness of the 
decomposition is no longer a weak point because the whole 
grain of the silver halide is affected. This accounts for the 
whole grain being reduced by the developer and for the image 
not spreading under ordinary conditions. The difficulty 
in inoculating silver bromide with metallic silver is due to 
not getting the silver so that it can be adsorbed. Once that 
was appreciated, there was no further trouble. 

Hurter and Driffield* had trouble with energy calcula- 
tions. 

“That any ordinary camera exposure is inadequate to 
produce a material decomposition of the silver bromide on 
the plate can be shown by other experiments and considera- 
tions. A standard candle consumes 120 grains or 7.77 grams 
of spermaceti per hour, or about 0.0021 gram per second. 
The energy evolved by the combustion of 0.002 1 gram .sperm- 
aceti (i gram - iockio units of heat) is 21 gram-units (small 
calories). If the whole of this energy were produced in the 
form of chemically active light and evenly distributed over 
a sphere of i meter radius = 125,663 square cm, the amount 

of energy per 100 square cm of surface w'ould be 

0.016 gram-units of heat. 

“While it is possible on a sensitive plate to produce a 
deposit of 26.5 mg of metallic silver per 100 square cm area 
by an exposure of 10 C. M. S., the amount of energy received 
by this area, assuming the w'hole energy yielded by the candle 
to be taken into consideration, as in the above calculation, is 
10 X 0.016 = 0.16 units in 10 seconds. Now the decom- 
position of silver bromide, equivalent to 108 mg of silver, 
requires energy amounting to 23 gram-units and the energy 
necessary for 26.5 mg of silver is 5.6 units, so that the candle, 
even if the whole of its energy of combustion were active in 

Jour. Phy.s. Chem., 15, 355, 362 (1911). 
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decomposing silver bromide, could only decompose 2.9 per- 
cent of the amount which experiment shows can be actually 
amenable to development. As a matter of fact, however, 
only a small fraction of the energy of the candle is trans- 
formed into radiant energy; and again, a very small fraction 
of the. radiant energy constitutes ethereal waves of sufficiently 
short wave length to affect silver bromide. It is thus rendered 
quite evident that the candle can only furnish an infinitesimal 
part of the energy necessary to produce 26.5 mg of metallic 
silver per 100 square cm with an exposure of 10 C. M. S., and 
that the whole of this energy is, in all probability, provided 
by the developer. 

“Prof. Bothamley has directed most of his remarks to 
chemical changes, which he believes to be induced by the 
light, and which he supposes to be so profound as actually to 
reduce the silver bromide to some subbromide. Whatever 
may be the formula of this subbromide, it means the com- 
plete separation of some bromine from silver. Professor 
Bothamley does not say that the energy necessary for this 
reaction is supplied, even in part, by the .supposed formation 
of a bromine compound of gelatine, but this must be the 
meaning of his remarks as to the facility of the formation 
of a bromine compound of gelatine and as to the amount 
of heat developed. His belief summed up appears to be 
that the latent image is formed by the transference (under 
the influence of light) of bromine from the silver bromide 
to the gelatine, with the consequent formation of some sub- 
bromide of silver, the possible existence of which, as a labora- 
tory product, we do not deny. But we have always under- 
stood these subbromides to be colored bodies, and the latent 
image resulting from ordinary photographic exposures is not 
colored. Prof. Bothamley will readily admit that bromine 
when combining with gelatine will do so either by forming 
a substitution product (when hydrobromic acid will appear 
as well) or by forming a simple addition product. Our 
quantitative experiments are quite decisive as to the non- 
production of hydrobromic acid, and to prove that there is, 
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at any rate, no substitution product. They are, however, 
not decisive as regards the formation of an addition product, 
and this fact was stated in our original communication in 
1890. 

“But whichever product be formed, the great question 
still remains — whence is the energy derived which separates 
the bromine from the silver? The possible formation of 
a bromine compound of gelatine may reduce the amount of 
energy required to bring about this separation to about 
one-half of the 23 calories, since the heat involved on sub- 
stituting bromine for hydrogen is, at most, ii calories per 
atom of bromine taken from the silver; and 14 calories if an 
addition product be formed. The greatest difficulty with 
regard to the subbromide theory, therefore, still remains, 
namely, the energy difficulty; and it remains even if the com- 
bination of bromine with gelatine were a proved fact, which, 
as far as we are aware, it is not; or is simply an opinion.” 

These difficulties are very real if we assume reduction to 
silver subbromide and still more serious if the silver bromide 
is reduced to free metallic silver. They vanish entirely on 
the basis of the adsorption theory because the difference in 
the energy content of the undecomposed and the decomposed 
silver bromide can theoretically be made as small as one 
pleases. Practically, the difference which can be detected 
depends upon the sensitiveness of the developer. I do not 
believe for a moment that a very faint light produces no change 
in silver bromide. What happens is that the change produced 
is too small to be detected by any developer as now used. 

Reactions of Latent Image 

Since the latent image consists of silver bromide with 
varying amounts of adsorbed silver, it will not show the re- 
actions of either silver bromide or silver in their entirety. 
The latent image will be more resistant than either silver 
bromide or silver to substances which attack the one or the 
other. Since the latent image on any plate varies with the 
degree of exposure we shall expect to find that the reactions 
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vary to some extent with the degree of exposure. Both of 
these generalizations are true. 

As has already been pointed out,' the latent image is 
destroyed by nitric acid, the attack being more rapid the 
more concentrated the acid. It is also destroyed by chlorine, 
bromine, or iodine; by ferric chloride, mercuric chloride, or 
gold trichloride; by chromic acid, potassium persulphate, 
acidified potassium permanganate, or potassium ferricyanide; 
by hydrobromic acid, hydrochloric acid, or potassium iodide. 
In other words, these substances attack the material com- 
posing the latent image more readily than they do the unex- 
posed silver bromide. With the exception of potassium iodide, 
all these substances attack silver much more readily than they 
do silver bromide, while the rate of destruction of the latent 
image is much lower than would be the case were we dealing 
with free metallic silver. 

The case of potassium iodide is a bit doubtful. It is 
usually stated that potassium iodide destroys the latent 
image. Messrs. Hurter and Driffield® say that “when silver 
bromide is treated with a solution of potassium iodide, chemical 
decomi)osition takes place, the bromine and iodine are ex- 
changed, and we then have silver iodide. This reaction takes 
place also in the case of silver bromide in the sensitive film. 
If silver bromide which has been exposed to light {i. e., im- 
pressed with a latent image) consisted of subbromide, this sub- 
bromide would either remain .as such, when treated with 
potassium iodide, or it would yield a subiodide. In either 
case it ought to yield, upon development, a visible image; 
but the treatment of a latent image with potassium iodide 
completely destroys the latent image ’’ 

This statement has been disputed by Bothamley* who says 
he “once treated two or three exposed gelatino-bromide plates 
with a 5 percent solution of potassium iodide for a considerable 
time, washed out the potassium iodide, and treated the plates 

‘ Jour. Phys. Chem., 15, 313 (1911). 

»Ibid., IS, 354 (i 9 ii)- 

* Ibid., IS, 361 (1911). 
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with the developer; casual observation would have led one to 
suppose that the developable image had been destroyed, but 
some later work, however, threw doubts on that conclusion. 
It seems possible that the latent image was there but that 
the time for its development was very long, and I found 
that by allowing the ferrous oxalate developer to act for a 
good many hours I was able to develop an image. Recently, 
Schumann has made an experiment in which he had found 
that the ordinary belief that an emulsion of silver iodide in 
gelatine will not give a latent or developable image is con- 
trary to actual fact, and that if such an emulsion is subjected 
to light of very high refrangibility, you can get an image 
and develop it just as in the case of silver bromide.” 

If we consider substances which attack silver bromide 
more readily than they do metallic silver we find as was to 
be expected that they react with the silver bromide before 
reacting with the latent image though they can be made to 
attack the latter. Thus sodium thiosulphate dissolves un- 
exposed silver bromide more rapidly than it does silver bromide 
which has been exposed to light. The same general state- 
ment is true, though to a varying degree, in regard to ammonia, 
to potassium cyanide, and to ammonium bromide. 

Some of the peculiar characteristics of the latent image 
are brought out clearly in a paper by Liippo-Cramer. ‘ 

“The latent image on fine-grained and on ordinary dry 
plates is completely destroyed and physical development 
is prevented if the plates are first fixed in a hyposulphite 
solution and are then bathed for a few minutes in solutions 
which dissolve both silver and silver bromide. For this 
purpose we may use a mixture of sulphocyanates with strong 
acids or a mixture of sulphocyanate or hyposulphite with 
bisulphite. A solution of 10 grams hyposulphite and 20 
grams potassium pyrosulphite (KjSO,SOj) in one hundred 
parts of water destroyed the previously fixed latent image 
completely in 10-15 minutes even when the exposures had 


' Phot. Correspondenz, 43, 388 (1906); Jour. Phys. Chem., 16, 51 (1912). 
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been so long that the check plates were much over-developed.* 
If a little more time is given, slightly acid fixing baths de- 
stroy the latent image. In fact, four years ago* I published 
the fact that the latent image in a collodion emulsion is 
distinctly weakened by a preliminary fixing, in case the fixing 
bath contains bisulphite. 

“We thus find completely analogous reactions for the 
negative image after the silver has been removed, for the 
visible image, and for the latent image. Since those sub- 
stances, which we have hitherto considered as subhalides of 
varying compositions, are readily destroyed by any solvent 
which attacks silver and silver bromide, it seems to me that 
we must be dealing with a solid solution of silver in silver 
bromide, since it is not decomposed either by reagents which 
only dissolve silver, or by reagents which only dissolve silver 
bromide. It is only on the assumption of a solid solution 
or of a compound like the lakes, that it is easily intelligible 
how the products, resulting from the action of light on the 
silver halides, can show such remarkably complicated re- 
actions with solvents of silver bromide on the one hand, 
and with solvents of silver on the other hand, as have been 
described by Eder recently in his magnificent paper’ on ‘ The 
Nature of the Latent Image.’ ’’ 

The different reactions of the latent images due to different 
exposures are brought out clearly in the paper by Eder* to 
which Ltippo-Cramer referred in the last paragraph. Eder 
says that the subhalide theory is able to explain without 
difficulty the complicated experimental behavior, toward 
chemical reagents, of the latent image in a silver bromide 
film; but he does it by introducing various undefined modi- 
fications of silver subbromide. There is nothing to be gained, 
from a scientific point of view, in postulating the coexistence 


‘ Bisulphite retards very much the fixing in hyposulphite; neutral sul- 
phite acts the same way. 

* Phot. Correspondenz, 38, 359 (1906). 

* Sitzungsber. Akad. Wiss. Wien, 114 Ila, 1159 (1905). 

< Cf. Jour. Phys. Chem., 13, 57 (1909). 
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of numberless unknown silver subbromides. If Eder had 
expressed it in terms of silver bromide with continuously 
varying amounts of adsorbed silver, he would have accounted 
for the phenomena and he would also have raised the question 
as to what compositions corresponded to any given set of 
properties. With this word of warning, I quote Eder’s 
explanation in full* as illustrating admirably the point that 
the reactions of the latent image vary with the composition 
thereof. 

"The substance of the normal latent image (negative of 
the first order) consists of silver bromide reduced in varying 
amounts to subbromide. 

“ We assume further for the case of progressive illumina- 
tion that, in consequence of a photochemical setting free of 
bromine, at the beginning of the exposure to light there 
is formed a silver bromide corresponding very closely in com- 
position to normal silver bromide. This subbromide, how- 
ever, as we see from the process for making photographic 
, negatives is more rapidly reduced by reducing agents to 
metallic silver than is the pure unexposed silver bromide. 
This modification of subbromide is destroyed by thiosulphate 
as well as by nitric acid. By means of this assumption we 
explain all the phenomena recorded in regard to the latent 
silver bromide images which result from very short exposures. 

“With a somewhat longer exposure there is formed a 
silver subbromide which constitutes the latent image of the 
normal negative. It is only slightly attacked by nitric 
acid. With increasing exposure it yields on development a 
normal negative with the normal characteristic blackening 
cmves corresponding to it. This silver subbromide is less 
readily soluble than silver bromide in solutions of the fixing 
media, such as ammonia, ammonium bromide, or thiosulphate. 
After the preliminary fixing of the latent image this sub- 
bromide therefore remains as a residual image which can be 
developed physically in spite of its having undergone certain 


’ Cf. Jour. Phys. Chem., 13, 68 (1909). 
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changes. Depending on the chemical nature, the concentra- 
tion or the temperature of the fixing bath, this silver sub- 
bromide is developed more or less completely into the soluble 
silver bromide and undissolved metallic silver so that the 
residual image consists of subbromide mixed with more or 
less of metallic silver. Potassium cyanide causes the greatest 
decomposition and with it the residue consists of metallic 
silver only. 

“If one allows nitric acid to act on the latent image 
after it has been fixed, the substance forming the image is 
destroyed still more, the destruction being greater the more 
completely the image consists of metallic silver. Since 
the silver is dissolved, more or less of the image will be re- 
moved and there will remain behind some subbromide, the 
presence of which can be shown by physical development. 
But even this is broken down, by a continuous treatment 
with concentrated nitric acid, into silver which dissolves 
and silver bromide which does not respond in the dark to 
physical development, but which at once forms new nuclei 
for physical development if it is exposed to light and thus 
converted again into a developable subbromide. 

“ With a very strong over-exposure of the silver bromide 
there is formed a solarization image, the substance of which 
is not identical with the directly blackened silver bromide 
which is apt to be formed at the same time. This substance 
has a different chemical composition and different chemical 
properties from the substance forming the negative image 
of the first order. 

“With more intense over-exposure and subsequent de- 
velopment we get the negative of the second order. The 
latent image from which this was formed probably consisted 
of a mixture of at least three chemically different substances, 
namely, of metallic silver, of the substance constituting the 
solarization image, and of the subbromide constituting the 
image which yields the negative of the first order. All these 
substances are shown to be present not only by their photo- 
graphic behavior towards the photographic developer, but 
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by their diiferent chemical behavior towards thiosulphate, 
ammonia, nitric acid, etc. The substance formed by the 
direct blackening of silver bromide in light shows a different 
photographic action from that of the latent or the solarized 
image. This can be explained less well on the assumption of 
a solid solution of variable amounts of AgjBr in silver bromide. 
It is more probable that different modifications of silver 
subbromide occur in the differently illuminated portions of 
the silver bromide film. 

“The latent image on silver iodide with an excess of 
silver nitrate seems also to consist of silver subiodide, 
which, however, seems to be more easily decomposed into 
metallic silver and silver halide than is the case with silver 
subbromide. 

“The substance forming the normal latent image on silver 
bromide does not vary in its qualitative behavior towards 
chemical reagents with the wave lengths of the light that 
produces it. Color sensitizers (eosine, ethyl violet, etc.) 
which make silver bromide light-sensitive to light of longer 
wave-length, force the silver bromide to the same photo- 
chemical reaction of the silver subbromide formation in the 
production of the latent image which is characteristic of silver 
bromide by itself in the blue, violet, and ultraviolet regions 
of the spectrum.” 

Another form of the difference in reaction with increasing 
exposure is the difference in reaction with difference in size 
of grain. A given amount of decomposition per grain pro- 
duces a larger concentration in a small grain than in a large 
grain. With a large grain, there are also more possibilities 
of differences in concentration between the outside and the 
inside of the grain. These points have already been dis- 
cussed by Luppo-Cramer.* 

“The remarkable influence of the size of the grain on the 
photochemical decomposition of the silver halides becomes 
quite intelligible if we assume the existence of solid solu- 


* Jour. Phys. Chem., 16, 54, 6i (1912). 
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tions of silver in silver halide. The existence of a definite 
subhalide, Ag^Br, etc., has always been doubted and it is a 
substance to which one can attribute any property that one 
happens to need for an explanation. Even if such a com- 
pound were formed on exposure to light, that does not ex- 
plain why fine-grained silver bromide should act funda- 
mentally differently in regard to oxidizing agents. Quite 
accidentally, most photochemists have worked chiefly with 
silver bromide having a fairly coarse grain such as is ob- 
tained by precipitation from concentrated aqueous solu- 
tions, the silver bromide of the collodion emulsion, or that 
of the ordinary highly-sensitive dry plates. Except for this, 
it is probable that no one would have considered the visible 
blackening of silver bromide as due to a subbromide. In 
very fine-grained films the photochemical decomposition 
product behaves just like metallic silver. 

“It is very improbable that a photochemical reaction, 
such as the reductipn of the silver bromide, should vary 
with the size of the grain, giving metallic silver with a fine- 
grained emulsion and stopping at the subhalide with the coarse- 
grained emulsion. It is easy to see that the behavior of the 
photochemical decomposition product of silver bromide may 
vary with the size of the grain if one assumes that silver is 
formed in both cases but that it behaves differently when 
dissolved in the relatively large mass of silver bromide con- 
stituting the coarse grain than when dissolved in a small 
grain. One may assume that an almost complete decomposi- 
tion takes place inside the very fine grains, since the blacken- 
ing disappears so readily in nitric acid or chromic acid. When 
treated with these reagents after a long exposure to light, 
there only remains the infinitesimal trace of silver in solid 
solution which can be detected by physical development 
and which doubtless constituted the innermost part of the 
original silver bromide grain. 

“With the increasing size of grain we get different 
phenomena as a result of photochemical decomposition. The 
silver is distributed through a much larger mass of solid 
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solvent, the dissociation pressure of bromine is different, 
the silver dissolved in this large complex is very resistant 
to oxidizing agents, though this disappears when the silver 
is set free from its solvent, silver bromide, by a reagent which 
dissolves this latter substance. Such solvents as hypo- 
sulphite or sulphocyanate cannot be used by themselves, 
before the treatment with an oxidizing agent. The two 
must be applied simultaneously because otherwise the silver 
dissolved in the solid silver bromide keeps this latter from 
dissolving. It is only when the grain is extraordinarily fine 
that it is possible to destroy what is left of the latent image 
after a preliminary fixing, by means of chromic acid or nitric 
acid alone. If the preliminary fixing is omitted, the latent 
image withstands treatment with chromic acid even in the 
case of the so-called grainless silver bromide emulsion. 

“When the colloidal particles of admixture of the hy- 
drosols of silver bromide and silver begin to coagulate under 
the influence of electrolytes, there is formed an extraordinarily 
fine-grained, but distinctly reddish photobromide w'hich is 
converted by concentrated nitric acid into silver bromide. 
_A similar ■ phenomenon occurs with silver chloride but the 
decolorizing by nitric acid ceases at a much lower limiting 
size of particles than is the case with silver bromide. W’^hen 
in a very fine-grained state, the photohalides do not resist 
oxidizing agents; they are able to do so only when they change 
from sols to gels. 

“This is in complete accord with my experiments* on 
silver bromide and silver chloride emulsions. I found that 
the photochemical darkening disappeared completely and 
instantaneously when emulsions of colloidal silver halide were 
treated with oxidizing agents while, with coarse-grained 
emulsions, there was no change of color even when boiling 
concentrated nitric acid was allowed to act for quite a while. 
From this I concluded that silver was formed by the action 
of light in both cases; but that the behavior of silver varied 


LOppo-Ciamer: Phot. Correspondenz, 43, aS (1906). 
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with the size of grain of the halide. "Vy^ith increasing size of 
grain the silver was dissolved in a larger amount of solid 
solvent and was therefore less readily attacked by chemical 
reagents. Of fundamental importance for the theory of the 
photohalides is the following experiment suggested by the 
behavior of mixtures of the hydrosols of silver and silver 
halide when coagulated by electrolytes. 

“ Plates with colloidal silver bromide gelatine were ex- 
posed under a 5 percent nitrite solution until quite dark. The 
color was bleached at once by 2 percent solutions of chromic 
acid, nitric acid, etc. If the colored films are removed from 
the glass and are heated with dilute sulphmic acid until the 
photobromide coagulates, even boiling concentrated nitric 
acid has no effect. I obtained similar results by treating 
pure silver bromide sols in a like way but the color was not 
so marked because the light does not have access to the 
silver salt so well as in the gelatine film. 

“It is therefore not necessary that the silver reduced 
by the light should be inside a large molecular complex during 
the exposure in order to become chemically resistant. The 
coagulation by the colloidal particles to a gel after the ex- 
posure will have the same effect. It is quite clear that the 
purely chemical nature of the reduction product cannot be 
changed by the coagulation of the exposed silver bromide. 
Since the behavior of the exposed silver bromide is the same 
as that of the photobromide obtained, without the action of 
light from AgBr + Ag, both before and after the coagulation 
by electrolytes, this proves that the product obtained by ex- 
posure to light can only be silver, which loses its characteristic 
instability towards nitric acid by forming a compound with 
the normal halide. This is also the assumption made by 
Carey Lea in regard to his subhalide.” 

Retrogression of Latent Image 

Photoretrogression is due to the latent image'£reacting 
with the halogen. The real problem is where the halogen 
comes from. It does not seem probable to me that any very 
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appreciable portion comes from the decomposition of a gela- 
tino-bromide compound. It seems more likely that a certain 
amount of the bromine set free by light remains adsorbed 
temporarily in or on the silver bromide grain or on the silver 
bromide which was not exposed to light. Ordinarily it 
passes off into the air or reacts with gelatine; but it may 
react with the latent image if the conditions are favorable. 

At first sight it seems improbable that bromine could be 
adsorbed by the decomposed silver bromide without reacting 
with it, but it is not impossible. The experiments of Carey 
Lea* are very instructive in regard to this. 

“ When silver iodide is boiled with a solution of sodium 
hypophosphile, it gives a brown product, evidently indica- 
ting that reduction to some extent has taken place; the 
hyposulphite solution may or may not show traces of iodine. 
I'he color of the silver iodide may show’ a very marked darken- 
ing, and yet the solution may give no trace of iodine by the 
most delicate .reagents. 

“This was very difficult to explain until I found that 
silver iodide has the property of taking up and retaining 
small portions of iodine, a reaction not very surprising in view’ 
of the tendency I have found in silver haloids to take up 
foreign substances of very various natures, and also of the 
facility with which iodine is taken up by alkaline iodides. 
This property in siK’er iodide w’as verified by shaking up 
portions of freshly precipitated and still moist Agl with iodine 
solutions. Alcoholic solution of iodine diluted until it has 
a pale sherry w’ine color is quickly decolorized by Agl, and 
the same thing happens with a very dilute solution of iodine 
in KI, which in a few minutes becomes as colorless as water. 

“This reaction I found particularly interesting, for it 
not only explained the action of hypophosphite in the case 
just mentioned, but also gave a clue to the cause of a 
phenomenon I observed more than twenty years ago, and 
which then and long afterwards seemed to me an unanswer- 


‘ Jour. Phys. Chem., 16, 43 (1913). 
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able argument in favor of the physical nature of the latent 
image. 

“At the time referred to I formed films of pure silver 
iodide isolated from foreign matter, by reducing metallic 
silver on plates of ground glass, iodizing them with alcoholic 
solution of iodine, or with Levol’s solution, then washing 
most thoroughly under a tap for hours. When these films 
of silver iodide were exposed to light, they received an in- 
visible image which could be developed. But these in- 
visible images, if the plates were laid aside in the dark, had 
the property of fading out in a few days or weeks, then could 
no longer be developed, but the film could receive a fresh 
image. This seemed an unanswerable proof of the physical 
nature of the latent image at least on silver iodide. The 
argument was: If the production of this latent image is the 
result of chemical action involving the loss of iodine by the 
silver salt, how then is this iodine recovered when the image 
fades out? If it is formed of subiodide, where dpes this latter 
substance get back its iodine to return to the normal form, 
as it unquestionably does? 

“No answer could be given then or after, and this experi- 
ment, repeated and confirmed by others, has always seemed 
the strongest support of the physical theory. When, how- 
ever, it appears that silver iodide can take up iodine and hold 
it, the course matters follow becomes evident. By the action 
of light a very small quantity of subiodide is formed, and 
combines with the normal salt to form photoiodide. The 
iodine set free evidently does not pass off but remains com- 
bined with neighboring molecules of Agl, and in the dark 
gradually recombines with the photoiodide reconverting it 
to normal Agl. In this retention the lower tension of iodine, 
as compared with bromine and chlorine no doubt, plays its 
part. 

“In thus explaining away the fading out of- the latent 
image on silver iodide, the last argument in favor of the 
physical theory is destroyed, while the chain of proof sup- 
porting this new explanation, that the latent image consists 
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of normal haloid combined with its own sub-salt, remains 
unbroken.” 

These experiments do not show whether the iodine is 
adsorbed by the decomposed or the undecomposed silver 
iodide. We know, however, that free chloral and free water 
coexist dissolved in fused chloral hydrate. We also know 
that acetic anhydride and water take hours to react com- 
pletely when dissolved in acetic acid. 

Liippo-Cramer’s experiments on photoretrogression are 
consistent with the view that we are dealing with a retention 
of the halogen by adsorption, since the amount of adsorption 
would presumably be greater with a fine-grained plate than 
w'ith a plate having a coarser grain.* 

‘‘I have shown previously that the decay of the photo- 
chemical action is especially marked with iodides of mercury, 
that this reaction velocity is increased enormously by moisture, 
and that the recombination of the dissociated halogen with 
the mercury, taking place under the influence of water, is 
more complete the finer the grain of the emulsion. The 
decrease of the blackening with dry mercurous iodide gelatine 
takes place very much more rapidly and more completely 
with a fine-grained iodide than with the ripened emulsion. 
If one exposes one plate of each type until they are blackened 
to about the same degree and then puts them away in the 
dark, it is easy to notice a great difference at the end of a day 
or two. At the end of 2 days the fine-grained mercurous 
iodide has become very light while the coarser emulsion shows 
only a slight decrease in color. At the end of 7 days the 
fine-grained emulsion has entirely recovered its original 
bright color while the coarser mercurous iodide is still very 
dark. 

‘‘Stimulated by this experiment I decided to see whether 
a fine-grained silver bromide emulsion might not show the 
phenomenon of the decay of the latent image even though 

' LUppo-Cramer; Phot. Correspondcnz, 44, 130 (1907); Jour. Phys. 
Chem., 15, 324 (1911). 
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tbe highly sensitive bromide does not show it to any ap- 
preciable extent. As a matter of fact, water causes a distinct 
decrease in the darkening of a fine-grained silver bromide 
emulsion caused by exposure to direct simlight. Nothing 
of the sort can be detected with highly sensitive plates. It 
is a question whether the decrease of the blackening with fine- 
grained plates is really due to a recombination of the halogen 
with the silver similar to that with the iodides. There is no 
doubt but that the latent image fades appreciably in these 
fine-grained emulsions, though slowly, as is the case with all 
latent images.’ A large number of plates of the same fine- 
grained emulsion as that used in a previous investigation were 
exposed under a negative to daylight for the same length of 
time. Immediately after exposure half of each plate was 
developed, using in every case the same developer at the same 
temperature and developing for the same length of time. The 
developed halves were then put away together with the un- 
developed halves. At the end of two months a marked decay 
of the latent image could be detected; at the end of six months 
only the high lights were left. There was no marked differ- 
ence to be detected between plates developed after nine 
months and plates developed at the end of six months. There 
is therefore a distinct decay of the latent image on silver 
bromide gelatine plates when the emulsion is a fine-grained 
one.” 

The experiments of Baekeland' fit in well with this way 
of looking at things. With an under-exposed film, it takes 
less actual recombination with bromine to destroy the image 
than with a fully exposed one, and consequently one would 
expect the phenomenon of retrogression to be more marked 
under these circumstances, which is exactly what Baekeland 
found. It is quite evident that heat and moisture would 
accelerate the reverse reaction and would therefore increase 
the retrogression. In an alkaline solution the adsorbed 

' Cf. Lflppo-Cramer; Phot. Correspondenz, 43, 80 (1906). 

’Intemat. Kongress angew. Chemie, Berlin, 4, 403 {1903); Jour. Phys. 
Chem., IS, 3*4 
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bromine would be decomposed much more readily than in an 
acid one and also the oxidizing power of the bromine would 
be greater in an acid solution than in a neutral. Conse- 
quently, the fading of the latent image should be more rapid 
in a slightly acid film than in a neutral or alkaline one, which 
is also what Baekeland found. Potassium iodide, bromide, 
and chloride would probably all act as carriers of halogen 
and wou,ld therefore cause a fading of the latent image.* 
Tannin would react with the bromine and would therefore 
prevent the disappearance of the latent image. Brush* 
found that “photographic action is slow in starting, involving 
considerable light energy which leaves no permanent record. 
If exposure is stopped at this stage, the starting action re- 
lapses almost wholly within a few minutes and is lost to 
further exposure.’’ What this amounts to is that photo- 
retrogression is very much more marked the shorter the ex- 
posure. It is this fact of the adsorbed halogen reacting 
again with the latent image which makes the resultant of an 
intermittent lighting not equal to the sum of the single ex- 
posures. 

Reversal, so-called, of the Latent Image 

In a special series of papers,* I have shown that all the 
phenomena of solarization can be accounted for on the as- 
sumption that certain compositions of the latent image are 
less rapidly reduced than others which contain either more 
or less silver. This is a perfectly familiar phenomenon where 
we have a series of compounds as in the reduction of nitro- 
benzene. Nitrosobenzene is more readily reduced to aniline 
f han is nitrobenzene though the latter contains more oxygen, 
•while hydrazobenzene is less readily reduced than phenyl- 
hydroxy lamine though the latter contains more oxygen. 
There is one point, however, which requires a correction. 

‘ Barker; Jour. Phys. Chem., 15, 323 (J911). 

* Phys. Rev., 31, 241 (1901). 

’Bancroft; Jour. Phys. Chem., 13, i, 18, 269, 449, 538 (1909); 14, 292 

(1910). 
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Partly for the sake of simplicity and partly because I knew no 
better, I followed Eder and assumed* that the second negative 
was metallic silver before development. I am satisfied now 
that that was an error and that the visible image on an un- 
developed bromide plate consists of blackened grains which 
are capable of development. The only difference th^t this 
makes is that it now becomes possible theoretically to have 
any number of reversals, while a second positive was theo- 
retically impossible under the original assumption. 

In all discussions of solarizalion up to now, people have 
made qualitative statements. Now that we know what the 
latent image is, it ought to be possible to determine ap- 
proximately at what composition we get a positive with any 
given developer. I had thought of getting at this by melting 
an emulsion, exposing it to light, and afterwards analyzing 
for bromide. This would have presented some experimental 
difficulties and I was glad to find that it was possible to make 
a first approximation by using the data of others. 

Carey Lea’s photobromide evidently was very close to 
the concentration required for reversal,^ while the photo- 
iodide was not.“ “ If we take the red or purple silver bromide, 
preparing it with exclusion of light and the same precaution 
as in the case of any plate, and extend it over paper (it is 
best, though not essential, to mix it with a little gelatine to 
enable it to retain its hold on the paper in the subsequent 
treatment), dry it and expose it to the light under a screen 
such as a piece of opaque stiff pasteboard with openings, cut 
in, then apply potassio-ferrous oxalate, we shall obtain a very 
remarkable effect. All the parts exposed to light take a 
reverse development and appear as lighter spaces on a darker 
ground. And this goes so far that we may expose till we get 
the visible and quite strong image darker than the ground and 
yet in development this darker p>ortion will come out lighter 

^ Jour. Phys. Chem., 13, 46 (1909). 

* Carey Lea: Am. Jour. Sci., [3] 33, 487 (1887); Jour. Phys. Chem., 16, 
109 (1912). 

• Jour. Phys. Chem., 16, 115 (1902). 
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than the ground. Indeed I have one specimen which shows 
almost white figures on an intensely black ground. Before de- 
velopment these light figures were brown, by exposure to light, 
on a rose-purple ground. I have seen few more curious re- 
sults than this. 

“From the foregoing it follows that red bromide, not- 
withstanding its intense coloration, is in the same condition 
respecting light as normal silver bromide that has received 
an impression of light so strong that any further influence 
of light would cause reverse action, only that a vastly larger 
proportion of its molecules are affected. In the case of the 
latent image formed by light on normal bromide it would 
seem that the particles affected, although numerous enough 
to serve as a basis of development, are still too few and too 
scattered to be visible or affect the color. The photobromide 
on the contrary has its mass made up of them. Then, if 
exposed to light, the light carries them a stage farther — 
brings them to the reverse or solarized condition and the 
parts affected by light develop less strongly than those not 
exposed.’’ 

Liippo-Cramer comments* on this as follows : 

“ In one of my previous papers^ I have given a repro- 
duction of a picture on a photobromide gelatine plate from 
which one can see that the extraordinarily surprising result 
described by Lea can easily be reproduced. I have also 
pointed out that we are not dealing with a reversal due to 
over-exposure but that any exposure, which has any effect 
at all, decreases the rate of development of the photobromide. 
My experiments on the gelatine emulsion of the photobromides 
yielded a number of results which were interesting in them- 
selves. I prepared a large supply of photobromide plates 
in the following way : 

“Since my experiments have shown that the photo- 
halides are the halides colored with colloidal silver, they can 


* Phot. Correspondenz, 46, 397, 415, 424 (1909). 

* Ibid., 46, 27s (1909)- 
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be prepared easily by coloring the halides. It is not neces- 
sary to prepare the silver solution separately because one can 
precipitate silver bromide with an excess of silver nitrate 
and can then add a mild reducing agent such as ferrous citrate* 
which will reduce the soluble silver salt to colloidal silver 
but which will not reduce the silver bromide. After the re- 
duction product has been washed for a while, it is treated 
with nitric acid to remove the uncombined silver. In this 
way there is obtained a beautifully violet-colored photo- 
bromide which can readily be peptonized by bromide ions in 
gelatine to a homogeneous, fine-grained, pink emulsion. 
After the bromide salts have been washed out, the emulsion 
can be worked up in the usual way. 

“These red photobromide plates behave in a very re- 
markable way when exposed to daylight. They do not be- 
come darker, as was the case with Carey Lea’s paper; but they 
bleach to a light grayish 'white after an exposure of several 
minutes to diffused light. If the film is exposed to daylight 
for about half an hour under the Chapman Jones plate tester, 
one notices, even with yellow light, a surprising effect which 
I confess is one of the most remarkable in my experience. The 
whole scale comes out a light gray to white on the red ground 
and it looks as though the photobromide had been changed 
back into silver bromide. If the plate is placed in the ordinary 
metol developer, there appears, in a short time, a clear but 
reversed image on a black ground; it is interesting to note 
that, with a longer exposure of about an hour and a half, 
the first fields show distinctly the beginning of the second 
reversal of the solarization, the first numbers of the scale 
developing dark instead of light. An ordinary silver bromide 
plate (Schleussner yellow label) does not show any signs 
of a second reversal when exposed for 6 hours. As analogy 
to the second reversal of the solarization, a prolonged ex- 
posxme of the photobromide film causes a bleaching and then a 
darkening. In this later stage a distinct residue is left if 


^ Cf. lyUppo-Cramer: Zeit. KoUoidchemiti, 2, 360 (1908). 
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the plate is fixed. This new darkening of the bleached photo- 
bromide has no definite color and is a neutral gray. If the 
photobromide gelatine is dipped in a 1 percent silv^er nitrate 
solution and then exposed under the plate tester, the result 
is quite different. The light does not bleach the plate but 
makes it darker. On development we get a normal image 
though one that is badly fagged regardless of whether we 
develop physically or chemically. This experiment is in 
line with the fact that halogen absorbers prevent the occur- 
rence of solarization ' with ordinary silver bromide gelatine. 
Moistening the photobromide film with sodium nitrite also 
causes a rapid and intense darkening in the light. 

“These reactions made it seem possible that the small 
amount of colloidal silver might have been converted into 
silver bromide, on exposure to light, by the traces of bromide 
from the peptonization, since perhaps they could not be 
washed out of the photobromide. Therefore the excess of 
sih'er was removed from the photobromide with nitric acid 
and the photobromide was merely washed and then taken up 
in gelatine without any addition of bromide. If one makes 
use of the artifice which I employed with pure silver bromide 
only to take a little gelatine at first, the photobromide can 
be got into a fine suspension very satisfactorily, though by no 
means so well as with the aid of bromide. These films also 
bleached in the light though there was a preliminary darken- 
ing in some of my many experiments. But even these plates 
behaved like Carey Lea’s paper and always yielded reversed 
images on development. From these experiments w'e .see 
that it is not permissible to assume that the bleaching of the 
photobromide is due to the action of traces of bromide left 
in the film. The residue left after fixing plates, which have 
been exposed till they bleached or until they darkened again, 
indicate that, taking the films as a whole, there are more 
silver nuclei formed the longer the exposure.” 

More accurate data have been obtained since then by 


* Lfippo-Cramer: Photographische Probleme, 139 (1907). 
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Lfippo-Cramer/ who prepared silver bromide emulsions 
containing known amounts of colloidal silver taken up by the 
silver bromide. When the silver bromide contained 0.002 
percent silver synthetically, there was a distinct fogging on 
development. With increasing amounts of silver the rate of 
blackening in the developer increased and the sensitiveness 
to light increased until a maximum was reached at about 
o.i percent silver. An emulsion containing o.i percent silver 
is about twenty-five times as sensitive as one containing 
0.4 percent silver. This gives the necessary figures for this 
type of emulsion and for the developer used. From 0.002- 
o.i percent silver we are dealing with the first negative. 
Somewhere just beyond 0.1 percent silver we pass to the first 
positive. It is interesting to note that this is about the value 
given for the maximum decomposition when one is to develop 
a negative. 

Since we get a solarized image when the concentration of 
adsorbed silver becomes too high, it is clear that any reagent 
which will remove enough of the adsorbed silver will cause 
the plate to develop as a negative. On the other hand, all 
exposures give negatives if the silver bromide is dissolved 
and the plate is then developed physically. 

Latent Image due to Pressure, Heat, Acids, Etc. 

Carey Lea^ has shown that a developable latent image 
can be produced by the action of acids, pressure or heat. 

“Dilute sulphuric acid quickly changes allotropic silver 
to normal, and therefore if the parallelism which I have indi- 
cated really exists, marks made on bromide paper with dilute 
sulphuric acid should be capable of development. 

“The experiment was made by drawing characters on 
silver bromide with a glass rod dipped into sulphuric acid 
diluted with twice its bulk of water. After allowing the acid 
to remain in contact for 2 or 3 minutes, the paper was im- 

‘ Phot. Correspondcnz, 46, 526 (1909); Jour. Phys. Chem., 16, 119 (1912). 

» Am. Jour. Sci., [3] 41, 262 (1891); 43, 528 (1892); Jour. Phys. Chem., 1$, 

330. 327 



The Photographic Plate 


145 


mersed in running water and washed for an hour or two. 
On applying the oxalate developer nothing appeared. Feel- 
ing confident that an effect must be produced, the experiment 
was repeated several times and the results closely examined. 
On one specimen it was found that the characters had ap- 
peared, but reversed, that is, lighter than the ground which 
had darkened by the development being pushed. This at 
once gave a clue; it showed that the traces of the acid adhered 
too strongly to be removed by washing and, by locally check- 
ing the development, interfered with the reaction. Accord- 
ingly, next time after a very short washing, the paper was 
immersed in water to which a trace of ammonia had been 
added, and after 10 or 15 minutes’ action, the ammonia was 
thoroughly washed out. The result was striking: as soon as 
the developer was applied, the characters which had been 
traced with acid came out strongly as brown marks on a white 
surface. 

“Cold sulphuric acid even undiluted is generally held to 
have no action on silver haloids, but it is well known that the 
hot, strong acid decomposes them. The foregoing experi- 
ments leave no doubt that the cold dilute acid produces an 
initial effect invisible to the eye but revealed by greater 
tendency to give way under the action of a reducing agent. 
This action of the acid comes, therefore, exactly into line with 
that of light and heat. In all three cases an effect is pro- 
duced inappreciably until a reducing agent is applied. But 
in all three cases the agent which produced this invisible 
effect is capable by continued action under favorable condi- 
tions of bringing about a visible change without the aid of a 
reducing agent. 

“I was able to show many years ago that mechanical 
force could produce a latent image. Lines drawn with a 
glass rod on a sensitive surface could be rendered visible by 
development in the same way as impressions of light. An 
embossed card pressed on a sensitive film left an invisible 
image which could be brought out by a reducing agent. The 
raised portions of the embossed work exert a stronger pres- 
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sure on the sensitive film than the rest of the card and these 
portions darkened when acted upon by a reducing agent. In 
the same way, the lines traced with a glass rod, blackened 
under a developer. In each case, it was the portions which 
had been subjected to pressure which yielded first to the 
reducer. It is therefore clear that in the molecules which 
had received this slight pressure the affinities of the atoms 
had been loosened.” 

I doubt whether these images are the same as the ordinary 
latent image. We know that precipitated silver bromide, 
containing no gelatine, is reduced almost as rapidly before 
exposure to light as after exposure. We know that in an 
emulsion the silver bromide grain contains gelatine and water. 
Anything that will remove the gelatine will cause the silver 
bromide thus treated to develop more rapidly than the re- 
maining silver bromide. I think that this is what happens 
in the cases under consideration and I think that we do not 
have a true latent image in the sense of a partially reduced 
silver bromide. This view is confirmed by some results of 
Luppo-Cramer.‘ 

“The experiments on the action of nitric acid on silver 
bromide gelatine and on the latent image were undertaken 
to find out whether there was any metallic silver in the latent 
image. The experiments proved nothing in regard to this, 
because the gelatine was destroyed by the action of the con- 
centrated acid necessary to dissolve the silver. Curiously 
enough other investigators do not seem to have noticed a 
secondary phenomenon which attracted my attention when I 
repeated the experiments. 

“An exposed silver bromide gelatine plate, on which I 
had as usual left a broad unexposed strip, was placed for half 
a minute in a dilute nitric acid (8.3 percent). The gelatine 
was attacked but remained on the plate. The plate was 
washed thoroughly and was developed along with another 
from the same emulsion, which had received the same ex- 
posure but which had not been dipped in nitric acid. I ob- 

> Jour. Phys. Chem., 1$, 574 (1911). 
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tained the entirely unexpected result that the plate which 
had been dipped in acid blackened even on the portions which 
had not been exposed, while the unexposed strip of the check 
plate remained quite clear. The same result was obtained 
even when the solution contained only one-half to one-fourth 
percent nitric acid and though no change in the gelatine was 
then visible. The effect disappeared when an extremely 
dilute nitric acid (0.05 percent) was used. A fogging of the 
unexposed silver bromide was also obtained by means of sul- 
phuric acid but the sulphuric acid does not produce as marked 
changes in the gelatine as the nitric acid nor does it fog the 
plate so much. A 10 percent sulphuric acid is approxi- 
mately equivalent to a 0.5 percent nitric acid. A 5 percent 
ammonium persulphate solution is about equivalent to these 
acids. 

“That three substances which act so differently chemi- 
cally should all act in the same way on silver bromide seems 
less intelligible than that the action should be upon the 
gelatine, though even this furnishes us with an interesting and 
difficult problem. We really know as little about develop- 
ment as about the latent image. Even when the gelatine, 
which forms a sheath, so to speak, round the silver bromide, is 
only slightly attacked, the bromide is nevertheless changed 
as though it had been exposed to light. This is even more 
remarkable than the fact to which I recently called attention, 
that substances which are not developers, such as gallic acid 
and formaldehyde, are readily able to reduce silver bromide 
which has been precipitated with no protecting colloid present, 
quite regardless of whether there has been an exposure to 
light or not. We find it impossible to conceive that per- 
sulphate or a dilute acid should produce a chemical change 
in silver bromide; we have no reason to suppose that the 
silver bromide undergoes any physical change during the 
treatment; and consequently we must po.stulate a change 
in the gelatine. This last is the more probable because even 
a concentrated nitric acid seems to have no effect on silver 
bromide suspended in collodion.” 
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Liippo-Cramer’ also believes that a true latent image 
is not formed by pressure. He says that the pressure 
phenomena “can be distinguished from real, reduction 
phenomena because the latter occur throughout the whole 
film and are not changed in the slightest by any rubbing 
of the surface.” 

In the Waterhouse process for making positives with 
short exposures, it has been shown ^ that thiocarbamide causes 
some change in unexposed silver bromide such that the 
bromide is readily reduced by the developer. In fact, the 
change is so marked that unexposed silver bromide, after 
treatment with thiocarbamide, will often reduce more rapidly 
than silver bromide which has been exposed for a short time 
to light. This might be accounted for by assuming that 
thiocarbamide removes gelatine less rapidly from silver 
bromide grains, the more decomposed these latter are. At 
first sight this seems absurd; but the difficulty disappears 
if we word the assumption another way and postulate that 
thiocarbamide acts on the gelatine in the silver bromide grains 
less rapidly, the more highly brominated the gelatine is. While 
this is a possible explanation, there are as yet no data to 
show that it is the right one and it will therefore be better 
to leave this point to be settled in the laboratories of Messrs. 
Perley’ and Frary.‘ 

Disintegration and the Latent Image 

Bredig' once suggested that the developability of the 
latent image may be the result of a physical disintegration 
of silver bromide by light. This idea has recently been taken 
up by lytippo-Cramer" who now lays great stress upon it, as a 
result of experiments with Rontgen rays. There is no doubt 
that light, or other radiations, may <fisintegrate silver salts 

* Phot. Correspondenz, 40, 180 (1903); Jour. Phys. Chem., 25, 327 (1911). 

* Perley: Jour. Phys. Chem., 13, 655 (1909). 

» Eighth Internat. Congress Applied Chemistry, 20, 267 (1912). 

* Jour. Phys. Chem,, 27, 32 (1913). 

® Eder’s Jahrbuch der Photographic, 23, 365 (1899). 

' Das latente Bild, 2 (1911). 
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and thus produce a developable image. It is possible that 
this may be an important factor in the case of the Rcintgen 
rays, but I see no reason to suppose that it is of any im- 
portance under ordinary photographic conditions. 

Luppo-Cramer‘ thinks that disintegration must be an 
important factor in what .strikes him as a very puzzling 
phenomenon, namely, that the latent image can be developed 
by light provided that there be added a solution of a bromine 
adsorber, such as sodium nitrite. There does not seem to me 
to be anything about this experiment which calls for any 
special explanation. The action of a uniform light on a pre- 
viously exposed plate merely increases the decomposition 
uniformly, the original differences remaining unchanged. 
If the action of light is continued long enough, one gets a 
visible image. The pictures thus obtained are undoubtedly 
flatter than those obtained by straight development, because 
the percentage differences in the exposures decrease with the 
increasing time that the uniform light is allowed to act. 
It is a question whether Ltippo-Cramer really developed a 
silver image or not; but there is nothing difficult about the 
theory of the process. 

On the other hand, the disintegration hypothesis may be 
of importance in the case of the daguerreotype and must be so 
in the case of Moser’s experiments and in the case of Water- 
house’s experiments wdth metal plates. In the case of the 
daguerreotype the latent image is formed on a plate of silver 
coated with silver iodide and it is developed by means of 
mercury vapor. The mercury condenses on the places which 
have been exposed to the light. The change due to the light 
is probably a chemical one; but the mercury would also con- 
dense if there were a physical disintegration. 

In Moser’s experiments* “a coin was placed on a glass 
or metal plate and left there for several hours. If one breathes 

^ Das latente Bild, 10 (1911)* 

® Cf. Namias: Chimie Photographique, 105 (1902); Jour. Phys. Chem., 

15* 348 (1911)- 
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on the plate where the coin had been, or passes the vapor of 
iodine or mercury over it, there is a differential condensation 
on the places which have been in contact with the coin, and 
an image of the coin is thus formed. What appears more 
strange is that one can obtain an image and can develop it 
in this way, even without actual contact between the coin 
and the plate. It is enough if the coin is near the plate. 

“These facts have nothing to do with the action of light; 
but light will produce similar phenomena. In fact, if one 
exposes a plate of silver, copper, or glass to an intense light 
for several hours, one notices that water vapor from the breath, 
or mercury vapor, will develop the parts which have been 
exposed to the action of light.” 

“Waterhouse* found that silvered glass or copper plates 
showed distinct traces of a visible image after being exposed 
to light for an hour or two. This image could be developed 
with mercury vapor or with a ferrous sulphate solution and 
silver nitrate (physical development). After a very long 
exposure a reversed image was obtained on development 
with mercury. The mercury precipitated on the unexposed 
places, whereas it precipitated on the high lights when the 
exposure was shorter.” 

The actual change in the surface does not need to be large. 
This is shown clearly in some experiments by Namias.** 

“In a communication I made to the Chemical Society 
of Milan in 1897 on the chemical reactions involved in the 
manufacture of silver mirrors, I made use of a fact which has 
appeared to me to be a very interesting one. If one takes a 
cardfully cleaned mirror and pours upon it a solution of stan- 
nous chloride, even one as dilute as i ; 100000, and if one 
then washes the mirror with distilled water, the rate of pre- 
cipitation of silver from an ammoniacal tartrate solution is 
much greater with such a mirror. The infinitesimal amount 
of stannous chloride remaining on such a plate is sufficient 

* Proc, Roy. Soc., 66, 490 (1900). 

* Phot. Correspondenz, 42, 155 (1907); Jour. Phys. Chem., 15, 325 (1911). 
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to make the reduction of the silver considerably easier. The 
labile equilibrium of the ammoniacal silver tartrate solution 
is at once upset by the action of infinitely small traces of such 
a powerful reducing agent as stannous chloride.” 

Svedberg‘ has shown that ultraviolet light will corrode 
a silver plate, lying under alcohol, so rapidly as to form a 
colloidal solution in a few minutes. A slight disintegration 
of the surface by longer wave-lengths therefore presents no 
theoretical difficulty. At present we are not able however 
to explain the reversal that Waterhouse observed with his 
metal plates. If mercury precipitates more rapidly on a 
slightly disintegrated surface than on a very smooth one, 
one would naturally expect it to precipitate still more readily 
on a surface that was still more disintegrated. This appears 
not to be true, but the problem is now one in colloid chemistry. 
It deals with the behavior of roughened surfaces and should 
be studied quite apart from any action of light. 

The general results of this paper are as follows : 

1. Since the action of light can be duplicated by any 
suitable reducing agent, the latent image must be a reduction 
product. 

2. The latent image cannot be free metallic silver because 
it does not show the chemical reactions of free metallic silver, 
because it does not show the electrical potential of free metallic 
silver, because equilibrium is reached very slowly in the elec- 
trical measurements, and because the hypothesis cannot be 
reconciled with the facts of solarization. 

3. The latent image cannot consist of a single definite 
subhalide because no such compound has been prepared, be- 
cause no satisfactory chemical reactions can be assigned to 
it, because the prolonged action of light does not yield the pure 
compound, and because this hypothesis cannot be reconciled 
with the facts of solarization. 

4. The latent image cannot consist of a number of definite 
compounds because we cannot isolate these in any way or 


• Zeit. Kolloidchemie, 6, 130 (tgio). 
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give any definite proof of their existence or properties, and 
because it is absurd to assume a number of definite compounds 
between pure silver bromide and silver bromide containing 
an excess of 0.5 percent silver when one can account for all 
the facts much better on the assumption of a phase of con- 
tinuously varying composition. 

5. The latent image is a phase of continuously varying 
composition, because these products can be prepared 
synthetically, because this hypothesis accounts for all the 
chemical reactions of the latent image, and because this 
hypothesis accounts for the phenomena of solarization. 

6. While there is no definite proof as yet whether the 
latent image consists of silver bromide with adsorbed metallic 
silver • or of silver bromide with an adsorbed hypothetical 
subhalide, the former hypothesis is the simpler and accounts 
for the parallelism between the colors of the photohalides 
and the colors of colloidal silver. The question would be 
settled if an examination with the ultramicroscope showed 
that the colors of the photohalides were due to metallic 
particles. 

7. The latent image is identical with the photohalides 
except as to color. This discrepancy disappears in one set of 
experiments by Tiippo-Cramer and probably could be made 
to disappear in other cases if people were to make systematic 
experiments along this line. 

8. The arguments against the decomposition theory are 
really arguments against the silver nucleus theory and the 
subhalide theory. They lose their force when applied to the 
adsorption theory. 

9. The reactions of the latent image have been discussed 
and have been shown to be in accord with the adsorption 
theory. 

10. Photoretrogression is due chiefly to the recombination 
of halogen with the latent image. The free halogen is ap- 
parently adsorbed temporarily either on or in the decomposed 
grain or the undecomposed grain. It is shown that all the 
facts of photoretrogression are in accord with this hypothesis. 
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11. The adsorption theory enables us to account for all 
the phenomena of solarization. The latent image, which 
gives rise to a negative under normal development, consists 
of silver bromide with an excess of about 0.002-0.1 percent 
silver. When the excess of silver rises above o. 1 percent, we 
get positives on development. The second negative is not 
due to metallic silver. There are no data as yet as to the 
composition at which the second negative begins. 

12. The latent images produced by heat, acids, pressure, 
etc., are not like the latent image produced by light, because 
they do not necessarily involve a change in the ratio of silver 
to bromine. They are due to the removal of gelatine, etc., 
from the silver bromide grain. 

13. Under ordinary conditions the mechanical disintegra- 
tion of silver salts by light is not an important factor in the 
production of a latent image. 

14. Disintegration is the important factor in the images 
developed on metal surfaces after exposure to light. The 
reversal on long exposure cannot be accounted for at present. 
It is, however, really a problem in colloid chemistry and 
should be studied quite independently of the action of light. 

15. Development by means of light and sodium nitrite 
presents no theoretical difficulties. 

C 'orncll U n tvcrs ity 



A METHOD OF DETERMINING “a” OF VAN DER 
WAADS’ EQUATION FROM THE SUR- 
FACE TENSION 


BY ALBERT P. MATHEWS. 

Uncertainty still exists as to the correct value of van der 
Waals ’ constant “a,” which, expresses the cohesive pressure of 
a fluid. 

It is well known that if “a” and “b” are both supposed 
to be constant, the equation of state may be solved and the 
relationships obtained ;a= 3?^ V/; = 3b; = 0/276*; and 
T^ = 80/2 76R. As this solution depends on the er- 
roneous assumption of the constancy of "b,” there is no 
certainty that any of these expressions is correct; and as a 
matter of fact, only one of them, i. e., = 0/276*, happens 

to approximate very closely to a correct value. Were these 
relationships true, the calculation of “o” and “6” from the 
critical data would be very simple; but as they are not true, 
except for unknown values of “6,” it is necessary to find 
some other means of computing “a,” which does not require 
a knowledge of the real molecular volume, or “6. ” 

While the formula usually employed for the calculation 
of “a, ” i. e., a = 27T//64 X 273* X P^, gives a value at least 
approximately correct for non-associating substances of me- 
dium molecular complexity, it is still uncertain whether the 
value thus obtained is correct for very simple substances 
such as hydrogen, or for very complex substances such as 
diphenyl methane. The ratio 27/64 can only be justified 
theoretically if “6” were constant and it is probable that 
this ratio, 27/64, is not constant, but diminishes as molecular 
compressibility increases. “6^” may not always be the 
same fraction of V^, for it is possible that this fraction also 
varies with the compressibility of the molecule. All other 
formulas for “a” are also more or less unsatisfactory. Thus 
in the formula a = 6.28V^*P^, the coefficient is not the same 
for all substances. In the formula a = 2ybJ‘P^ a knowledge 
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of is required. The calculation of “a” from the latent 
heat of vsiporization by the formula (L — E)/rd, — D^) = 
o/Mol.wt., where h is the total latent heat and E the part 
consumed in doing external work, is rendered uncertain by 
the fact that there is still another part of the heat consumed 
by the expansion of the molecules from the size they are in 
the liquid to the size they are in the vapor, and this correc- 
tion is unknown. 

The following method of the computation of “a” from 
the surface tension is new, so far as I can find, although it is 
an application of the very first method used to obtain some 
idea of the amount of the cohesive pressure of a liquid; it 
does not involve the value “b;" and it is of interest that the 
results obtained from it are, on the whole, closely similar to 
those given by the usual formula. It is, I believe, more 
trustworthy than the formula usually employed. It is a 
method proposed by the great English philosopher, Thomas 
Young, in his epoch-making work on Cohesion. In that 
work, by an insight little short of marvelous, he came to the 
conclusion that S, the surface tension, was equaled to one- 
third the total cohesive pressure, multiplied into the radius 
of action of the cohesive attraction, or S = rK/3. 

Since “o” varies with the volume of the gas taken under 
standard conditions of temperature and pressure, it would be, 
in many ways, convenient to have a value which was character- 
istic of the molecules of each substance and which would be 
independent of the volume of gas or liquid, or the tempera- 
ture or pressure to which it was subjected. Such a value is 
very easily obtained by putting “o” equal to N®M*K, where 
N is the number of molecules in the volume V; and writing 
V* as Nv*, where small v is the volume at the disposal of a 
single molecule. By dividing by N* we have then o/V^ = 
M*K/v*. We may call M the mass of cohesion of a molecule, 
and K is a constant of proportion. This same value may be 
obtained directly by supposing that molecules attract each 
•other inversely as the fourth power of the distance between 
their centers, directly as the product of their cohesive masses 
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and that each molecule attracts only the six surrounding 
molecules. In another paper I shall show that the value 
M*K is proportional to the two- thirds power of the product 
of the molecular weight and the number of valences in the 
molecule. In this paper I wish to show how M’K may be 
derived from the surface tension. 'The computations are 
made in absolute units. 

The formula, S = rK/3, states that the surface tension 
of a liquid is a function of the cohesive pressure of the liquid 
alone. It is clear, then, that this formula can hold only at 
very low temperatures, since only at such temperatures can 
the cohesive pressure in the vapor be neglected. The surface 
tension, strictly speaking, can not represent the cohesive 
presstue of the liquid alone, since it is in the very nature of 
things an expression of the difference in cohesive energy of 
the liquid and vapor. I shall, then, take the formula as 
holding at absolute zero, since, if we are going to a tempera- 
ture in which the vapor may be entirely neglected, it is more 
convenient to go to the end. 

The radius of action of the cohesive attraction, or r, has 
been found, both by calculation and by direct measurement, 
to be, at higher temperatures, very nearly equal to the 
distance between the molecular centers; and at absolute zero, 
with the molecules in contact, we may safely assume that 
“r” is equal to K is Laplace’s constant and is equal to 
o/V“, or The formula becomes then: S = 

By multiplying both sides of the 
equation by we have, = M*K/3Vo; v^, the volume 

at the disposal of one molecule at absolute zero, is, for sub- 
stances of medium complexity such as ether, very nearly 
equal to v^, the volume of a molecule at the critical tempera- 
ture, divided by 4. For simpler substances, such as Oj or 
COj, the volume is equal to V^/3.63; and for more complex 
substances, such as octane, it is 'z;^/4.04, or for some even 
?;^/4.io. The volume of a molecule is obtained by dividing 
the volume of a gram mol by 6.21 X 10**, which is the most 
probable number of molecules in a gram mol. There is a 
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difference of opinion as to the value of the coefficient which 
is given as 1/3 by Young/ but as 3/20 by Rayleigh.* As 
will be shown presently, Young’s value is to be preferred. 

The value of Svg^'^, the molecular surface tension energy 
at absolute zero, may be obtained from Ebtvos’ and Ramsay 
and Shields’* rule, S(-mvy'^ = 2.12 (or 2.i9)(T,,— T — 6). 
S(mvy^^ divided by where N is the number of molecules 
in one gram mol, equals Sv^^^. Hence Sv^'^ =- 
2.i 9(T^ -T — 6)/N^''’; and at absolute zero, where T is 
•zero, = 2 .i 9(T^ — 6)/N*'^ = 3 015 X io"‘"(T — 6) ergs. 
It is assumed that the law holds clear to absolute zero. 

I have used the coefficient 2.19 because I thought it 
more typical of a non-associating substance, and it is nearer 
to the value of Ebtvos. However, this has given me slightly 
higher values for “o’ than those generally computed, as may 
be seen in the table. The agreement with other values of 
“a” seemed on the whole better with this coefficient. It 
varies slightly with different substances in any case being 
nearly 2, for some gases like oxygen, and as high as 2.3 for 
very complex substances. 2.19 comes close to the mean. 

We have then Svy'''^ ^ M*K/37/j, = 3.015 X io"*®(T — 6) 
ergs. So M*K = 9 045 x 10 '"(T,. — 6 )v^. 

The value 6° subtracted from the critical temperature 
was established for substances having a critical temperature of 
about 40 o°-48o° Abs. It would be better perhaps to make 
it I /80th of T^. The formula corrected thus would be M*K = 
9.045 X io""T^7;o 79/80 =8.932 X io'‘"T^ro. As this last 
correction is uncertain, however, I have uniformly subtracted 
6° from the critical temperature, unless it is specifically 
stated to the contrary. 

’ Young. “An Essay on the Cohesion of Fluids,” Philosophical Trans- 
actions, 1805. (Collected works, edited by G. Peacock, Vol. I, 1855, p 418, 
London.) 

Rayleigh : Article on “Capillarity,” Encyclopoedia Britannica, xi 

edition. 

® Edtvos: Wied. Ann., 27, 458 (1886). 

“* Ramsay and Shields; Zeit. phys. Chem., 12, 433 (1893)* 
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As already mentioned there is an uncertainty whether 
the coefficient should be ‘/j, as found by Young, or */,,, as 
found by Rayleigh. As I was unable to decide which of the 
values of the coefficient was preferable, I tried them both, 
and Young’s value gives a consistent result. Rayleigh’s 
gives an - impossible result, the cohesive pressure computed 
by it being more than double what it ought to be, so that 
if it be substituted in van der Waals’ equation, must be 
taken very large and at what are impossible values. For 
example, b^ must be o.748V^, or nearly three-fourths of the 
critical volume, if the coefficient 3/20 is used. Such a value 
for “6” is impossible if the atoms retain their uniform size in 
the molecules, or if they change very little, since the intra- 
molecular cohesion is so much greater than the intermolecular 
that the greater part of the gain in volume in coming from 
zero to the critical temperature must be in the spaces between 
the molecules, rather than within them. If the atoms are 
incompressible and make up one-fourth of the total volume, 
then three-fourths of the critical volume will be free space. 
If b^ = o.75V^ and the atomic volume is o.25V^, then free 
space within the molecule will be o. sV^., leaving only a total 
of o.25V^ for the inter-molecular space. In other words, the 
space within the molecules would have enlarged more in pass- 
ing from zero to the critical temperature than the space be- 
tween the molecules. Such a result is impossible. With 
Young’s formula, however, b^ = o.sV^ approximately; if the 
atomic volume is o.25V_., then the free space within the mole- 
cules would be o.25V^ and between the molecules, o.sV^, 
which is a more probable result. 

The following values of M*K were obtained by the for- 
mula, M"K = X 9-045 X io-‘“(T^ — 6)/4; 


Substance 


Pentane 
Isopentane 
Methyl acetate 
Ether 


log,„M'K 


—35-71919 

—35 - 70663 

—35-61791 

—35-67593 
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With the values thus found for four of the most carefully 
investigated non-associating substances, the value of the real 
molecular volume, or b^, at the critical temperature was com- 
puted by substituting in van der Waals’ equation, with the 
following result : 


Substance 

Vc 

be 

1 Vc/ic 

Ether 

282 . 23 

135-81 

2.078 

Pentane j 

309 94 

149.44 

2.074 

Methyl acetate 

1 227.55 

109 09 

2.086 

Isopentane ’ 

' 307 . 30 

148.30 

2.072 


By substituting the values of M*K derived in the fore- 
going manner from the surface tension, turns out to be the 
same fraction of for the three best investigated, normal 
substances, ether, pentane and iso-pentane, a result antici- 
pated from van der Waals’ reduced, characteristic equation. 

is, therefore, 2.0746^. The value thus obtained for b^, 
namely V /a. 074, is very close to that calculated by van 
der Waals* from a value of “a” obtained from the coefficient 
of compressibility. He thus obtained the value =" 2.036^. 
Other estimates of b^ made by him bring it about 2.08. This 
value of b^, moreover, is inherently probable, the value of b^ 
necessarily being close to V^/2, and presumably a little less 
than this. 

We may now, with this value of b^ fixed, calculate by 
substitution in van der Waals’ equation the value of the 
coefficients in the formulas given on page 154 in place of those 
derived when “c” and “ft” were considered constant. 

The following relationships were obtained f 

1 o/Pc = 6.284 Vc^; in place of a/P^ = 3Vc*. 

2 V7 = 2.074ftc; in place of Vr = 36^. 

3 Pe = a/27.02ftc“; in place of P^ = al2’jh^. 

4 Tc = 7.769o/27.02Rftc; in place of Tc == 9 >al 2 iKhc. 

5 be + RT,/P, = 4-243 V.; in place of be -I- RT./P^ = 

6 PeVc/Te = R2.074/7.769 = 21.92; in place of PcVc/% = 3R/8 

30.80. 

7 RTc/PeVe 3 - 75 - 

» Van der Waals: Proc. Roy. Acad. Sci., Amsterdam, 3, 583 (i 9 o 0 - 
* Compare with van der Waals: Proc. Roy. Acad. Sci., Amsterdam, 13, 
I2XI (1912). 



Values of M^K, as calculated by different formulas, expressed in absolute units, (i) M^K = V/Jlc 3-594 X 
lo-"®; (2) M^K = PcVc" 1.6296 X 10-"^; (3) M"K = 9.045 X io-‘« (T^ - 6)Vo ; (4) M^K = 27X^764 X (273)2p^N-. 
Critical data of all substances those of Young. 
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Determining of van der Waals' Equation i6i 

The value of 21.92 thus obtained for corresponds 

with the value determined from Young’s very careful obser- 
vations on the critical data of some non-associating substances. 

The values obtained for M^K by the use of the foregoing 
formulas, the surface tension formula, and the ordinary for- 
mula, when applied to the critical data of the substances so 
carefully investigated by Young* are given in Table I. 

The value of “a ” in atmospheres for i cc of a gas under 
standard conditions of pressure and temperature may be 
obtained from any of the values in this table by multiplying 
by 7*573 X 

A comparison of columns 3 and 4 of Table I will show 
that the values obtained by the surface tension formula, while 
on the whole closely similar to those obtained by the ordinary 
formula given in column 4, differ, nevertheless, in some in- 
stances quite markedly from them. The values of column 3, 
on the other hand, are almost identical with those of column 
I. Owing to the fact that there is less uncertainty about the 
factors used in computing “a” from the surface tension than 
from the usual formula, I believe the surface tension values 
are to be preferred If the coeflicient in the surface tension 
formula had been taken as 2 12 instead of 2.19, all the values 
of column 3 would need to be reduced proportionally, and the 
values ill columns i and 2 would also be lower. That the values 
of “a ” computed in this way from the surface tension are the 
more accurate is indicated also by the fact that these values 
exhibit most clearly and with fewest exceptions the relation 
of cohesion to molecular weight and the number of valences 
in the molecule, as is set forth in a subsequent paper. 

University of Chicago 

^ Young* '‘The Vapor Pressures, Specific Volumes, Heats of Vaporiza- 
tion and Critical Constants of 30 Pure Substances,"' Proc. Roy. Dublin vSoc., 
12 , 374-443 (1910)- 



STUDIES OF THE ELECTRICAL CONDUCTANCE OP 
NON-AQUEOUS SOLUTIONS 

BY LEON IRWIN SHAW 

In the study of aqueous solutions, their conductance 
has received considerable attention, but similar work on the 
conductance of non-aqueous solutions is entirely dispro- 
portionate to their importance. A further study of the latter 
will aid materially in forming an explanation of the results 
obtained in the study of both types of solutions. 

As stated by Kahlenberg and Lincoln ‘ conductance was 
first studied in aqueous solutions, then in solutions in which 
the solvent was a mixture of water and some other solvent, 
and lastly in solutions that contain no water. They give a 
bibliography of the work done up to that time. 

The earlier theories have been taken up by Kahlenberg 
and Lincoln and by Lincoln* in their articles. Some of 
these will also be considered in this paper after the experi- 
mental data have been presented. Lincoln shows that several 
of the theories presented to explain conductance are un- 
tenable. In the present investigation ’other examples have 
been found where these theories will not explain the ob- 
served facts. These will be considered in detail later. 

Kahlenberg and Lincoln* made qualitative measurements 
of the conductivities of four salts (ferric chloride, antimony 
trichloride, bismuth trichloride, and mercmic chloride) in 
seventy-two organic solvents of very varying types. The 
quantitative work recorded in the first article was done in 
solutions of ferric chloride, antimony trichloride, arsenic 
trichloride, phosphorus trichloride, cuprous chloride, stannous 
chloride, and bismuth trichloride. The solvents employed 
in preparing the solutions were methyl alcohol, ethyl alcohol, 
acetone, ethyl acetate, ethyl acetoacetate, benzaldehyde, and 

‘ Jour. Phys. Chem., 3, 12 (1899). 

> Ibid., 3, 4.57 (i«99)- 

® hoc. cit. 
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nitrobenzene. In the second article qualitative experiments on 
the conductance of eighteen salts were made in twenty-nine 
solvents, and then quantitative measurements were made 
using six different salts and eighteen different solvents. 
However, measurements were not made for each of six different 
salts in all of the eighteen different solvents, but only for 
certain salts in certain solvents. 

As a result of this work they showed among other things 
that the electrolytic dissociation theory as promulgated to 
explain the electrical conductance in aqueous solutions ap- 
parently can not be applied in its present form to explain 
the conductance of non-aqueous solutions. 

Paul Walden has carried on the most extensive research 
work on conductance in non-aqueous solutions since that of 
Kahlenberg and Lincoln. The results of his investigations 
appeared in ten articles from 1903 to 1908.’ 

In the first two of these articles he considers the relation 
between the dielectric constant of the solvent and the disso- 
ciating power of the latter. These first two articles will be 
the only ones considered, because the others deal with the 
relation of other properties to the dissociative power. Walden’s 
work consisted of the study of the dissociative power of forty- 
nine solvents with one solute, tetraethyl ammonium iodide 
(in a few exceptional cases other solutes were used), and on 
these observations he generalized, and concluded that the 
dissociative power of a solvent is directly parallel to the 
dielectric constant, in harmony with the Nemst-Thomsen 
rule. To get the degree of dissociation, it was necessary for 
him, in most cases, to calculate the value of the conductance 
at infinite dilution, as no limiting value could be obtained 
experimentally. He disagrees with Dutoit and Aston^ that 
only those solvents, that are associated, yield conducting 
solutions. By making his conductivity measurements at 
different temperatures, he also shows that the product of the 

* Zeit. phys. Chem., 46, 103 (1903): 54 > > 3 i: 55 > 207, 281, 683 (igo6): 
58, 479; 59. 192. 385: 60, 87 (1907); 61, 633 (1908). 

' Comptes rcndus, 125, 240 (1897). 
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conductivity at infinite dilution (calculated) multiplied by the 
temperature coefficient is nearly constant. Many other 
points are also taken up. 

A bibUogra|ffiy of the work on non-aqueous and mixed 
solvents is given by Walden in his first article, “Organic 
Solvents and Ionizing Media.’" In the next ten articles 
he has kept the bibliography up-to-date. 

The solvents used by Walden represent thirteen different 
types of compounds, namely, alcohols, aldehydes, ketones, 
acids, acid anhydrides, chlorides, bromides, amides, esters, 
nitriles, thiocyanides, thiocarbamides, and nitro compounds. 
He purified the solvents by distillation and other means, 
until a product of minimum conductance was obtained. 
He then concluded that the solvent was pure. This point 
will be taken up after the presentation of the experimental 
data. 

As before stated, Walden, in most of his researches, used 
only one solute, namely, tetraethyl ammonium iodide, in a 
number of solvents. He arranged these solvents in a list 
according to their decreasing dielectric constants, to see if 
there was any regular agreement between the dielectric 
constant and the dissociative power, and found for this one 
solute, that it was always the case, that the greater the di- 
electric constant the greater the dissociative power. 

The purpose of the present investigation was to find out 
if other solutes would act in an analogous manner to tetra- 
ethyl ammonium iodide; that is to say, if we took another 
salt, and dissolved it in the same solvents, if the molecular 
conduction of this given salt, in the different solvents, at a 
given dilution, would be highest in the solvent of the highest, 
and lowest in the solvent of the lowest dielectric constant. 
Three salts were therefore taken, and the conductance of their 
solutions in nine solvents was measured. 

The solvents used in the present investigation are as 
follows: (i) methyl alcohol; (2) salicylic aldehyde and 


* Loc. dt. 
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benzsldehyde; (3) acetic acid anhydride; (4) acetyl chloride; 
(5) ethyl acetate and dimethyl sulphate; (6) benzo-nitrile; (7) 
acetone; (8) aniline; (9) epichlorhydrin. It will be noted 
that they represent nine different types of organic com- 
pounds. The solutes used in the quantitative work were 
lithium chloride, mercuric chloride, and iodine. In the 
qualitative tests, cadmium iodide, cobalt carbonate, cuprous 
iodide, ferric chloride, mercuric iodide, mercurous chloride, 
nickel carbonate, antimony trichloride, cuprous chloride, 
zinc acetate and lead sulphate were also tried. 

The solvents used were all of c. p. grade, prepared by 
Merck, Kahlbaum, or Schuchardt, except the ethyl acetate, 
which was a pure sample that had been prepared by Professor 
Kahlenberg. They were each first dried by an appropriate 
drying agent, and then distilled. Thus a fraction of very 
constant boiling point was obtained. This distillate was 
then further treated and distilled from a flask, to which a 
hard glass condenser was connected by means of a ground 
glass joint. In exceptional cases a block tin condenser or a 
platinum still and condenser was iised. Thus a liquid of less 
conductance could sometimes be obtained. The distillate 
was always protected from the water and carbon dioxide 
of the air by means of soda-lime and calcium chloride. The 
distillation was always repeated in a given apparatus, until 
a minimum conductance was obtained for the substance. 
In some cases this was less than that found by other recent 
investigators. If the first distillate was condensed in glass, 
a tin or platinum condenser was then substituted, and thus 
in some cases a distillate of constant and lower ccmductance 
was obtained. All condensers, flasks, etc., used in this wcn-k 
were cleaned thoroughly with the solvents best adapted to 
remove the substance last used therein, then they were rinsed 
with distilfed water, and dried in a current of pure aur. 

The method of purification of each of the solvents will 
now be taken up. The numbers given as the ccmductance 
of the purified solvents indicate the number of divisions of the 
deflection of the galvanometer needle. For guidance as to 
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what these scale divisions represent approximately in re- 
ciprocal ohms the following table is appended : 


Table I 


Spaces 

Reciprocal oil ms 

0.50 i 

0.5 X 10-^ 

0.75 

0.5 X 10-* 

1 .00 

0.5 X lo"* 

8.00 

0.5 X 10-^ 


The cell used was one that will be referred to as the 
qualitative, cell. It was a platinum crucible with a tightly 
fitting cover and a polished platinum electrode inside. A 
direct current was ixsed and the conductance was measured 
by noting the initial deflection of the galvanometer needle. 

Methyl alcohol. Merck’s C. P. product was used. After 
standing three weeks over anhydrous copper sulphate it was 
distilled off, and condensed in glass. The portion boiling at 
63.5° and 744 mm was saved. This was treated with sodium 
and distilled; then with anhydrous copper sulphate; then 
again with sodium and distilled, each time rejecting the first 
and last eighth. This then exhibited a constant conductance 
represented by 5.0 divisions, in making the qualitative tests. 

Salicylic aldehyde (Kahlbaum’s C. P.) was dried by means 
of anhydrous copper sulphate, and distilled from it three 
times condensing in glass. The observed conductance was 
0.5 division. 

Acetic acid anhydride was allowed to stand over fused 
sodium acetate for three weeks, and then distilled from this 
four times, condensing in glass. The conductance was i.o 
divisions. 

Acetyl chloride. Merck’s C. P. product was distilled 
twice and condensed in glass. Its conductance was 1.5 
divisions. 

Ethyl acetate from Professor Kahlenberg was distilled 
three times. It had a very constant boiling point, 75° at 
744 mm, and showed a conductance 0.5 division. » 
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Dimethyl sulphate. Schuchardt’s C. P. was distilled 
being condensed in a block tin condenser. The boiling point 
was constant at 188° and 751 mm. The distillation was 
repeated seven times. The substance would blacken each 
time on heating. A constant conductance of 25.0 divisions 
was finally secured. On analysis for the sulphate radical, 
it was found to contain a large percentage of sulphuric acid, 
and therefore it was a constant boiling mixture rather than a 
definite compound. 

Benzonitril. Schuchardt’s C. P. article was dried for 
three weeks over anhydrous copper sulphate, and distilled, 
using a glass condenser. It had a very constant boiling point. 
After four distillations the conductance was constant, the 
galvanometer deflection being 3.0 divisions. 

Acetone. Merck’s highest purity was kept over potas- 
sium hydroxide for 2 days. It turned brown. It was dis- 
tilled off, and the portion boiling between 54° and 56° was 
treated with fused calcium chloride and heated on the steam 
bath for 8 weeks, a reflux condenser being attached. It was 
then distilled, using a tin condenser. The conductance was 
constant 1.5 divisions after three distillations. The liquid 
was then treated with anhydrotts copper sulphate, and con- 
densed in glass, when, after three distillations, the conductance 
was constant at 0.75 divisions. 

Aniline. Merck’s highest purity product was treated 
with potassium hydroxide for 2 weeks and distilled, when a 
straw-colored distillate was obtained. After five distillations 
from anhydrous copper sulphate the distillate was colorless, 
and had a conductance so low that no movement of the 
galvanometer needle could be detected. 

Epichlorhydrin. Kahlbaum’s C. P. product was treated 
with anhydrous copper sulphate for 2 weeks, and distilled, 
being condensed in block tin. It had a constant boiling point 
of 112° at 744 mm. After distilling three times, the distillate 
was colorless, and had a constant conductance, the galvanom- 
eter indicating 0.5 division. This could not be changed by 
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repeated treatments and distillations, using either a glass 
CM* a platinum still. 

Benzaldehyde. Kahlbaum’s C. P. product was distilled 
three times in a ciarent of carbon dioxide. It was immediately 
stoppered with the flask full of gas. On standing a few days 
autooxidation would decompose the product, giving crystals 
of benzoic acid, for which reason it was not used in this in- 
vestigation. 

The solutes used were all of the anhydrous C. P. variety 
of standard makes. For the qualitative tests they were dried 
to constant weight, in an air bath, at as high a temperature 
as they would stand without decomposition. 

For the quantitative work the solutes were purified as 
follows: Mercuric chloride, Schuchardt’s C. P. product, 
was sublimed twice, and the fine crystalline sublimate was 
used. Lithium chloride, Merck’s recrystallized C. P. prep- 
aration, was heated in a mortar, in an air bath, for 3 hours, 
to 210°, when it was removed and pulverized while hot. 
This was repeated four times. During the last two treat- 
ments there was no caking of the salt. On dissolving in water, 
the salt showed neither alkaline nor acid properties toward 
phenolphthalein. Iodine. A solution of Kahlbaum’s C. P. 
potassium iodide was decomposed by chlorine. The iodine 
thus obtained was washed and dried, after which it was sub- 
limed three times with an admixture of potassium iodide. 
It was then allowed to stand in a desiccator over sulphuric 
acid for 2 days during which time it lost no weight. 

Qualitative tests were made on the saturated solutions 
to see if the various solutes dissolved in the different solvents, 
and yielded conducting solutions. In these tests the qualita- 
tive cell was used. As a result of these tests, the three sub- 
stances before mentioned were selected as the most suitable 
for the work in this investigation. Lithium chloride and 
mercuric- chloride represent true salts, while the iodine is an 
element. The results of these experiments are given below 
together with other data. 

All three of the solutes did not dissolve in each of the nine 
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solvents, but in every case where solution resulted, the quan- 
titative measurements of the conductance of the solutions 
were made. The measurements were all made at 25° C, in a 
cell oi the Arrhenius type, by the Kohlrausch method. A 
resistance box of a maximum of 33,330 ohms was available, 
and thus small conductances could be measured with accuracy. 

To insure constant temperature, the cell was immersed 
in a thermostat bath regulated to within 0.005°. The solu- 
tions were made by weighing into a weighing bottle an amount 
of solute a little less than that which would dissolve in 10 cc 
of the solvent. This amount had to be ascertained by an 
independent preliminary experiment. The solvent (at 25°) 
was then put into the weighing bottle, and the latter was 
immersed to the neck iti the thermostat. To insure accuracy, 
the pipettes were kept in a glass cylinder immersed in the bath, 
and .stoppered to keep out moisture. Five cubic centimeters 
of the solution were then transferred to the cell and the con- 
ductance measured. An equal volume of pure solvent was 
then introduced, and the conductance measured again. Five 
cubic centimeters of the solution were then withdrawn, an 
equal volume of pure solvent was added, and the conductance 
measured again. This process was repeated till accurate 
measurements could no longer be made. 

The plates of the cell were coated with platinum black. 
They were 15 mm in diameter and 2 mm apart. The cell, 
between each different solution, was washed wdth the proper 
solvent, then with carbon dioxide free water, after which it 
was dried in pure air. The air was purified by drawing it 
through the following train: Acidified permanganate, sul- 
phuric acid, soda-lime, calcium chloride, a heated tube, soda- 
lime and calcium chloride. The constant of the cell was re- 
determined with N / 100 KCl after each solvent had been 
used, and was not found to change appreciably. 

The resistance of each solution was measured at least 
three times, with different resistances in the rheostat. In 
only a few cases was there any disagreement, and then a large 
number of measurements were made and the average taken. 
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The results of the qualitative measurements will now be 
given. In the following Tables, II and III, giving the qualita- 
tive results, s stands for soluble, « for slightly soluble, d for 
decomposed by solvent, os for conductivity too large to 
measure, h for conductance of the solution is no greater than 
that of the -pure solvent, p for conductance of pure solvent, 
being the scale divisions of the galvanometer, DC for di- 
electric constant of pure solvent. The values of the scale 
divisions of the galvanometer in reciprocal ohms are given in 
Table I. 

Table II 


Solvent 


Epichlorhydrin 
Dimethyl sulphate 
Acetone 
Methyl alcohol 
Benzonitril 
Acetyl chloride 
Acetic anhydride 
Aniline 
Ethyl acetate 
Salicylicaldehyde 


p 

•-< 

TJ 

IQ 

0 

u 

«i 

P 

0 

u 

D 

bo 


u 


u 



W 

0.5 

9 

4 

1 

9 

h 

8 

25.0 

h 

h 

h 

s 

h 

.S' 

0-75 

OS 

8 

6 

os 

0 ^ 

os 

5 0 

OS 

35 

15 

15 

40 

6 

30 

h 

k 

h 

10 

5 

9 

1-5 

2 

5 

13 

OS 

h 

5 

1 .0 

h 

20 

h 

1 OS 

os 

4 

0.0 

I 

h 

0.5I 


0.5I 

h 

0.5 

20 

h 

2 

i OS 

: 8 

10 

' 0.5 

' 3 

h 

3 

' OS 

6 

4 


Table III 


o 

Q 

26.0 

21.0 
32.5 

26 O 
15-5 


7-5 

6.5 

13-9 


Solvent 

1 

00 

K 

! HgCl 

Epichlorhydrin 

15.0 

h 

Dimethyl sulphate i 

h 

h 

Acetone 

18 

10 

Methyl alcohol 

1 

15 

Benzonitril 

h 

h 

Acetyl chloride 

3 

3 

Acetic anhydride 

18 

15 

Aniline 

0 5 

h 

Ethyl acetate 

8 

10 

Salicylicaldehyde 

! 3 1 

1 h 


i 

w 

0 

u 

CO 

u 

u 

p* 

; 

X 

ei 

CJ 

0" 


s 

tZ 

p 

u ^ 

p 


>— < 

s 

d 

d i 

10 

3 

25 

h 

OS 

h \ 

h 

h 

h 

4 

OS 

OS 

9 

10 

os 

6 

20 

OS \ 

OS 

20 

20 

h 

6 

1 

15 

os 

h 

15 

12 

OS 

17 

’ 30 

18 

25 

h 

i 30 

6 

i 18 

12 

OS 

h 

10 

h 

1 ^ 

h 

20 

h 

OS 

2 

1 ^ 

h 

20 

h 

15 

i 15 

i I 

1 

10 
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The values of the dielectric constant here given are taken 
from the compilation in Walden’s second article* except those 
for aniline and ethyl acetate which are Tereschin’s figures. 

Looking over the results in Tables II and III, it appears 
that methyl alcohol and acetone yield the greatest number 
of well conducting solutions. Acetyl chloride and acetic 
anhydride are the next best for this purpose with the salts 
investigated. This might be expected, for methyl alcohol 
has a high dielectric constant. However, both epichlor- 
hydrin and benzonitril have a higher dielectric constant than 
acetone, and still do not show as great “dissociating power’’ 
as exemplified in forming conducting solutions. 

Aniline which has a coefficient of association of 1.05 
according to Ramsay and Shields* gives solutions of higher 
resistance than ethyl acetate or acetic anhydride in case of 
all of the fourteen salts investigated. Ethyl acetate and 
acetic anhydride each have coefficients of association of 0.99 
according to Ramsay and Shields.* Therefore it can not be 
held with Dutoit and Aston* that only those solvents that 
are polymerized yield conducting solutions. This has been 
shown before by Kahlenberg and Lincoln* and by Walden.* 

Many of the solvents that are saturated compounds, yield 
better conducting solutions than aniline which is surely un- 
saturated. Therefore the theory of Briihl^ that only those 
solvents that are unsaturated yield conducting solutions, is 
untenable. This was also shown by Kahlenberg and Lincoln.* 

The results of the quantitative measurements will now be 
given. In the tables x represents the specific conductance 
in reciprocal ohms, v the volume in liters in which i gram 


‘ Loc. cit. 

* Jour. Chem. Soc., 63, 1089 (1893). 

* Comptes rendus, 125, 240 (1897), ‘ 

*Zeit. phys. Chem., 18, 514 (1895); 27, 317 (1898), Ber. chem. Ges. 
Berlin, 30, 163 (1897). 
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molecute is ccmtamed, and « the motecolar conductance. 

Solntkmi in Bpiehlorbydrla 

!'■ The sdvent was purified as before stated. It had a 
specific conductance of o.6i ■ X lo"' reciprocal ohms. 


Table IV 
Mercuric chloride 



X 


V 

U 

2.48 

X 

lO”* 

2.0 

0.496 

i ‘97 

X 

10“^ 

4.0 

0. 788 

1-39 

X 


6.0 1 

0.834 

0.95 

X 

10-^ 

12.0 ; 

1 . 140 

0.69 

X 

icr * 

24.0 

1.656 



Table V 



Iodine 


X 

V 

1 « 

1 

5 -35 X JO-« 

3.7 

i 0.1045 

5.21 X io-“ 

5*4 

i 0.0255 

3.01 X IO-* 

10 8 

1 0.0326 

2 . 14 X 10-* 

21.6 

i 0 . 0464 

1.39 X io-« 

433 

1 0.0603 

1 . 15 X 10-® 

86.7 

0 . 0997 

0.93 X IO-* 

173-4 

0. 1613 

0.80 X 10-* 

346.8 

0.2775 

0. 76 X 10-* 

693 7 

' 0.2813 


Lithium chloride was insoluble in epichlorhydrin and so 
could not be tested. 

Solutions in Aeetone 

The solvent was purified as befcaie stated. It had a 
specific conductance of 0.37 X lo"’ reciprocal ohms. 
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Table VI 
Mercuric chloride 


" ! 

V 

u 

4.96 X 10-* j 

0 47 

0 

10 

3.62 X io-‘ i 

0 95 

I 0.3453 

2.28 X lo-* ' 

1.90 

; 0.4350 

T . 36 X IO-* j 

3 - 8 i 1 

1 0.5182 

7.95 X 10-^ 1 

763 ! 

0.6073 

4 45 X 10-® 

15 26 j 

1 0 . 6809 

2 69 X 10~'* . 

3<>-5 ' 

0 8229 

I 63 X lo-'* 

61 .0 1 

0 9959 

i.oi X 10-'^ ' 

122.0 ' 

I 2322 

6 85 X 10-" i 

244,0 j 

1.6055 

4 92 X 10-" 

488.0 

2 4010 

3.87 X 10-" 

977 0 

3 7810 

3 03 X 10 " : 

1,950.0 ' 

5 9206 

I 33 X io““ 

Table VTI 
Iodine 

i 1 

i i 

I 82 ; 

U 

24 07 

I 16 X 10" ' 1 

3 64 ! 

42 23 

0 92 X .io~“ 

7 28 

67 16 

0 50 X 

14 5(> 

73 ocj 

0 40 X lo " 

29 13 

116 00 

0.33 X icr" ' 

58 27 

192 00 


It is to be noted that in ho case does the molecular con- 
ductance show a limiting value on dilution, but increases 
steadily even at very high dilutions. Therefore it is impossible 
to^determine the conductivity at infinite dilution. Conse- 
quently in these cases the “degree of dissociation,’’ at any 
given dilution, can not be found by dividing the conductance 
at any given dilution, by the conductance at infinite dilution. 

As another example which shows that Ostwald’s or 
Rudolphi’s dilution law does not always hold, is cited the case 
of lithium chloride in acetone. Here the molecular con- 
ductance first increases, than decreases, and then increases 
again, as the solution is diluted farther. 
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Table VIII 
Lithium chloride 


X 

V 

M 

6.6 X 10-* 

■ ■■ - ■ ‘ 

3-5 

2.36 

51 X IO-* 

71 

3.66 

3.9 X io-‘ 

14.2 

5 63 

2.9 X icr* 

28.5 

8.29 

2,0 X IO“^ 

57- 1 

11-59 

1.4 X 10-* 

114.0 

15-76 

0.94 X icr* 

228.0 

21.47 

0.65 X 10-* 

456.0 

29.69 

0.41 X io~‘ 1 

913.0 

37-46 

0.26 X io"‘ 

1,830.0 

47-51 

0.15 X 10-* 

3,650.0 

i 54-83 

0.71 X 10-® 

7,310.0 1 

51-89 

0.30 X 10-® 

14,600.0 ! 

43-96 

0.26 X lo"® 1 

29,200.0 j 

76 . 02 

0.18 X 10-® j 

58,400.0 1 

105-25 

0.15 X 10-' 1 

117,000.0 ! 

175.00 


Walden in his work* subjected a solvent to one and the 
same definite treatment repeatedly, until a definite minimum 
conductance was obtained, and then concluded that the sub- 
stance was pure. He said that the conductance was due to 
ionization of the solvent. I have obtained both acetone and 
epichlorhydrin of less conductance than that obtained by 
Walden. In the case of the acetone a constant minimum 
conductance was obtained by qne given treatment, but when 
another treatment was employed, a still lower conductance 
was obtained. These and other cases point to the probability 
not of “self dissociation” but of constant impurities. 

According to Walden, the solvent power for tetraethyl 
ammonium iodide diminishes as the dielectric constant in- 
creases. That this is not the case for all solutes is shown by 
the fact that lithium chloride dissolves readily in acetone 
(dielectric constant 21.0), but not in acetyl chloride (di- 
electric constant 15.5). 

Looking over the results in the tables of the quantitative 


^ Loc. cit. 
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measurements, it will be noted that at a given dilution, say 
I gram molecule in two liters, iodine shows a higher con- 
ductance in acetone than in epichlorhydrin. The dielectric 
constant of the first, however, is lower than that of the second. 
On the other hand, for mercuric chloride, in the same solvents, 
at the same dilutions, the reverse is true. In order to compare 
the results more easily the following tables are given. (See 
Table IX.) 



Table IX 
Mercuric chloride 


V 

u in acetone 

1 u in epichlorhydrin 

2 

0-435 

! 0 . 496 

4 

0.518 

1 0.788 

8 

0.607 

i 0.900 

16 

0 689 

' I . 200 


Iodine 


^ \ 

u in acetone 

u in epichlorhydrin 

2 

r 

24 i 

0.013 

4 

42 

0.023 

8 

67 

0.028 

16 

i 75 

0.039 


The dielectric constant of acetone equals 21.0, that of 
epichlorhydrin 26.0. In Table IX only approximate values 
are given for u at the stated dilutions. As before mentioned, 
mercuric chloride shows a higher conductance at a given 
dilution in epichlorhydrin than in acetone, while of iodine the 
reverse is true. (See Table IX.) Consequently, if in this case 
we arrange our solvents in the order of their decreasing di- 
electric constants as Walden did, we find that in the case of 
mercuric chloride, the greater the dielectric constant of the 
solvent, the greater the conductance. This is parallel with 
Walden’s results with tetraethyl ammonium iodide. How- 
ever, in the case of iodine, in these same two solvents, the 
reverse is true. That is, iodine shows a much higher con- 
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ductance at the same dilution in acetone, than in epichlor- 
hydrin. Therefore, while in the case of one of these sub- 
stances it can be said with Walden, that the greater the di- 
electric constant of the solvent the greater the “dissociative 
power,” in the case of the other it cannot. It cannot be 
held, therefore, as an infallible rule that the “dissociative 
power” of a solvent stands in direct parallelism to the di- 
electric constant. 

This investigation was carried out under the supervision 
of Professor Louis Kahlenberg, to whom I am under many 
obligations for his valuable suggestions, and I take this means 
of acknowledging the same. 

Chemical Laboratory 
University of Wisconsin 
Madison 
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Handbuch der Spectroscopie. By H, Kayser. Vol. VL 17 X 24 cm; pp, 
vi ^ Leipzig: S. HivzeU 1912. Price: 60 marks. — In the fifth and sixth 

volumes the author gives the data as to the spectra of the elements, the ele- 
ments being arranged according to the alphabetical order of their symbols. The 
fifth volume contained the elements from argon to nitrogen; the remainder are 
in the sixth volume. Among the especially interesting ones are sodium, oxygen, 
phosphorus, sulphur, silicon, tin, strontium, titanium, and zinc. As in the 
preceding volume, the literature references are remarkably full. These two 
volumes should serve admirably as a starting point. Kayser is strongly on the 
side of the physicists and he does not sympathize at all with the views of Prings- 
heim, Smithells, and others that spectra are due to chemical reactions. There 
is a herculean task before the man, or group of men, who will work out the data 
so that these two volumes can be rewritten from the other point of view. The 
work of these men will be made possible by the fact that Kayser has cleared the 
ground for them and has collected the material so that it can now be gone over 
with the minimum of labor. 

There is something pathetic about the preface. Kayser says that it will 
now be impossible for him to do mure than revise these six volumes and that he 
Avill have to leave to others the writing of the volume on the astrophysical ap- 
plications — the one in which he himself is most interested. No man who thinks 
in a big way ever finishes the work which he plans to do and Kayser is no excep- 
tion to the rule. Any man, who can do for any branch of science what Kayser 
has done for his specialty, need not fear the verdict of his fellow men, no matter 
how far short of realizing his dreams he may have fallen. Wtlder D. Bancroft 


The Measurement of High Temperatures. By G. K. Burgess and H. Le 
Chaieher. jrd Ed. 15 X 22 cm; pp. xvttt -h 320. New York: John Wiley & 
Sons. Price: $4.00 net. — The French edition of this useful book was reviewed 
(4» 394)- f'hc English translation made by Burgess was reviewed (5, 660) and 
the second editioit of this was reviewed (9, 156). 

The present edition is a very welcome one, for, as is stated by M. Lc Chatelier 
in the preface, '*Mr. Burgess has rewritten anew the whole book, so that it is 
no longer a translation but an original work which we present to the reader.” 

Further, M. Le Chatelier states that, “for several years past, my studies 
have taken me into other fields of investigation and I have been unable to follow 
the considerable progress realized in the measurements of temperatures. Mr. 
Burgess, pn the contrary, has been actively interested in these new researches, 
and to him is due an important part in the more recent edition.” 

It is certainly gratifying to the reviewer to note that Mr. Burgess has taken 
up the matter of high temperature measurements from this standpoint, and has 
given us a book which contains such a large amount of important material, 
material which can be obtained only through experience or personal communica- 
tions with companies making high temperature measurements a specialty. 
The recent additions and advances in pyrometry have been given proper notice 
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in the present volume. The chapters on thermoelectric and electric resistance 
pyrometry have been increased in length in keeping with the important addi*> 
lions along those lines, in later years. Especially is this true in the case of the 
important base metal couples, which of course are used in large numbers at the 
present time. 

The figures, and the bibliography at the end of the book, are worthy of note. 
The number of figures has been increased over two-fold, while their character 
has been maintained of the highest grade, the majority of these being line cuts. 

On the other hand, however, the fact that many of the drawings are still 
not described — a great many of them not being lettered — detracts somewhat 
from the value of the work. Some of the vague statements in the second edition 
have not been removed. 

The book, however, is an enormous improvement over the second edition, 
is printed on better paper, with wide margins, and contains almost twice as 
much material. It is certain, therefore, to be received with welcome, by 
students, and investigators, as well as by practical men. C. W. Bennett 

Lehrbuch der Thermochemie und Thermodynamik. By Otto Sackur. 
j 6 X 24 cm; Berlin: Julius Springer^ tgi2. Price: paper^ 12 marks; bound, 
1 3 marks, — In the preface the author says : 

** It is generally recognized that a complete understanding of all the physical 
chemical disciplines with their scientific and technical triumphs, is only to be 
obtained through thermodynamics. Consequently all chemists and physicists, 
who wish to take part in the development of physical chemistry, must master 
the fundamental principles of thermodynamics and must have practice in the 
application of these to special problems. This text-book is written for those 
who wish to acquire the necessary knowledge; it also aims to give an outline of 
what has been accomplished.” 

The headings of the chapters are: introduction; the behavior of substances 
when heated; the equivalence of heat and work; applications of the first law of 
thermodynamics; the second law of thermodynamics;, general conclusions from 
the two laws of thermodynamics; theory of solutions; the law of chemical equilib- 
rium; thermodynamics and electrochemistry; thermoelectric phenomena; 
thermodynamics and capillarity; heat radiation; Nernst’s heat theorem. The 
phase rule and the theorem of Le Chatelier come in as sections in the chapter 
on general conclusions from the two laws of thermodynamics. 

‘ Wilder D, Bancroft 

The Elements of Qualitative Chemical Analysis. By Julius Stiegliiz. 
VoL II. 14 X 22 cm; pp. viii -f 14S. New York: The Century Co., xgii. 
Price: $1.20. — ^The first volume has already been reviewed (16, 705). This 
pre.sent volume contains Parts III and IV. "The Laboratory Manual proper 
includes, as Part III of the author's book, a laboratory study of the analytical 
reactions of the common metal and acid ions and of the analysis of the various 
groups of these ions, as an introduction to the study and practice of systematic 
analysis. The laboratory work of this part (IH) should be accompanied by 
classroom work on Part II of the first volume. The outline of systematic qual- 
itative chemical analysis adopted forms Part IV of the book, and comprises the 
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second half of the laboratory work provided for in this manual” Part III is 
Study of reactions while Part IV is systematic analysis. Part III is subdivided 
into reactions of the metal ions and reactions of the acid ions. In Part IV 
the subheads are: preliminary examinations; the solution of substances for the 
systematic analysis for metal ions; the analysis for metal ions of substances 
soluble in water, hydrochloric acid, nitric acid, or aqua regia; the analyses for 
the acid ions of substances soluble in water, acids, or aqua regia; the analysis 
of substances insoluble in water, acids, and aqua regia; the analysis of silicates. 

Besides the regular information in the text there is much to be learned 
from the footnotes, on p. 15, for instance. "Barium chloride gives a more 
characteristic line spectrum if a loopful of ammonium chloride is held in the 
flame under the barium salt; the hydrochloric acid, formed by the decomposition 
of the ammonium chloride, reduces the amount of decomposition of the barium 
chloride in the flame." Wilder D. Bancroft 

Elektrische Doppelbrechung der Kohlenstoffverbindungen. By Richard 
Leiser. 2.5 X 17 cm.; pp 70 Halle: Wilhelm Knapp, igio. — The author has 
used a modification of the Des Coudres method and has determined the double 
refraction produced by an electrical field in the case of about one hundred and 
fifty organic liquids. The value of Kerr’s constant varies very much with the 
constitution as well as with the composition, the value for o-chlortoluene, for 
instance, being little more than one- third that for />-chlor toluene. As Is the 
case with most constitutive properties, the empirical relations arc qualitative. 

Wilder D. Bancroft 

Elementary Chemical Theory and Calculations. By Joseph Knox. 12 X 
19 cm; pp. vii 4- 102. London: Gurney and Jackson. 1912. Price: 2 shillings . — 
'Tn this little volume an attempt has been made to give not only a series of 
problems in chemical arithmetic, suitable for elementary students, but also a 
simple, clear, and connected account of the fundamental principles on which 
the problems are based. The book is intended to be used with a text-book 
of systematic chemistry. In the theoretical part, therefore, the fundamental 
laws of chemistry have been discussed in their simplest form only; exceptions 
and limitations have been omitted. On the other hand, these laws have been 
discussed in a more detailed manner than is usual, but, at the same time, as 
simply and clearly as possible. By this means, and by the aid of numerous illus- 
trative examples and frequent repetitions, it is hoped that many of the difficulties 
which this part of the subject presents to the average student may be to a cer- 
tain extent overcome. The discussion of the laws of combination is followed by 
a short account of the atomic and molecular hypotheses, and the methods of de- 
termining molecular and atomic weights are then considered in detail. 

"The theoretical matter usually included in an elementary course is thus 
fairly completely covered, and it is believed that the plan of presenting the theory 
along with the problems in this manner will be found to possess many advantages. 
Throughout the book the standard O « 16 has been adopted as the basis of atomic 
weights. The answers to the calculations have been obtained by the use of 
four-figure logarithms, and for this reason the atomic weight of hydrogen has 
been taken throughout as i.oi instead of the more exact value 1.008 [0.0043 
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biifers from 0.0035 even in four<place logarithms]. In all other cases, except 
where especially mentioned, the international atomic weights (1912) haVe been 
used in the calculations, since it is as easy to work with exact atomic weights 
as with approximate ones, and more instructive. The student is strongly ad- 
vised to provide himself with a table of four-figure logarithms, and to master 
the use of them for the operations of multiplication and division — a task which 
he would accomplish in an hour at most.'* 

The problems are grouped under the following headings: the metric system; 
thcrmometric scales; influence of temperature and pressure on the volume of 
gases; percentage composition; laws of chemical composition; equivalents; 
atomic and molecular hypotheses; outline of general method for determinations 
of atomic weights; determination of molecular weights by vapor density methods; 
freezing-point and boiling-point methods; determination of atomic weight from 
specific heat; deduction of formula from percentage composition; percentage 
composition from formula: calculation of reacting quantities by weight and volume 
from chemical equations; diffusion of gases. Wildi^r D. Bancroft 

A Laboratory Manual of Inorganic Chemistry. By John B, Ekeley. 13 X 
ig cm: pp. viii -H 12S. New York: John Wiley & Sons^ 1912. Price^ $1.00. 
— ''The author has used Professor Hollcman’s 'Text-Book of Inorganic Chem- 
istry’ in his classes for a number of years, and each year the merit of this splendid 
text becomes more apparent. To meet a demand in his own classes for a labora- 
tory manual written and arranged for use in connection with Professor Holle- 
man’s text, he has gathered together the set of experiments here published. 
He has found them to work well in his own laboratory, and hopes that they will 
prove a help to others in the teaching of beginners in chemistry.” 

Wilder D. Bancroft 

A Text-Book of Physics. By A. W timer Duff. 3rd Ed. 13 X 20 cm; pp. 
xiii -f 686. Philadelphia: P. Blakiston*s Son & Co., 1912. — This excellent 
college text, as the editor remarks in the preface to the first edition, is the re- 
sult of the attempt of six experienced college teachers to compile a work more 
satisfactory in every branch than any existing one. In this undertaking they 
have been very successful. The important topics treated in large type are, in 
this edition, all consecutive and may be used independently as a shorter course. 
The subject matter is fully but tersely expressed and in most cases deals with, 
the mathematical as well as the physical definitions. Entirely new parts have 
been prepared on the subject of heat. Electricity and Magnetism, and the work 
is profusely illustrated with halftones, drawings, diagrams and curves of more 
than ordinary merit. 

The editor states in the preface to this edition: ” The great importance 
which the electron theory has assumed since the appearance of the first edition 
has led to its introduction at various points, but, inasmuch as the details of thia 
theory are still somewhat speculative, it has usually been treated in fine print 
and can be omitted at the discretion of teachers who use the book in their 
classes. To fadlitate reference, a list of tables of constants has been given and 
the indexes have been somewhat increased.” Charles O. Brown 



THE RELATION OF THE VALUE “a” OF VAN DER 
WAALS’ EQUATION TO THE MOLECULAR 
WEIGHT AND THE NUMBER OF 
VALENCES OF THE 
MOLECULE 

BY albert P. MATHEWS 

The discovery of the properties of the molecule upon 
which cohesion depends is a matter of great interest. I have 
found that “a” of van der Waals’ equation is equal to a con- 
stant multiplied into the square of the cube root of the product 
of the molecular weight by the number of valences in the 
molecule. This enables a calculation of the valence number 
of a molecule from the critical constants; and on the other 
hand a calculation of “a” from the valence and molecular 
weight. Some interesting facts have been discovered rela- 
tive to the valence of the halogens, of the argon group and 
some other elements by the application of this rule. 

If the value a/V^ of van der Waals’ equation, which repre- 
sents the internal, or cohesive, pressure per unit surface, 
be divided in both the numerator and denominator by N^ 
N being the number of molecules in the volume V, we obtain a 
value for “a ” which may be called the molecular cohesive pres- 
sure and which is independent of the volume. If “ a ’’ be repre- 
sented by the expression N^M“K, in which M is the mass of 
cohesion of a molecule and K a constant, then since is 
equal to v being the volume at the disposal of a single 
molecule, a/V, = N^M-’K/N^v^ =- M“K/i;l This value M=K 
may be computed from “a” by dividing the latter by N^ 
N, the number of molecules in a cc. of gas under standard 
conditions, is equal to 2.77 X 10'®. In the computations 
which follow I have taken the value of “a” in dynes instead 
of atmospheres and wherever possible I have used the value 
of M®K computed by the surface tension formula described 
in a previous paper.* 

* Mathews: Jour. Phys. Chem., 17, 154 (1913). 
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Tables I and 11 bring out the relationship that M is some 
function of the molecular weight and the number of valences 
in the molecule, or M*K = / (Wt) (Valence). The relationship 
to molecular weight appears if we compare compounds of 
the same valence number as shown in Table I. 



Table I 



Substance 

j 

1 Mol. weight 

1 

1 

Valences 

M*K X 10“ 

CO, 

1 ' ■" 

i 44.0 

8 ^ 

I .216 

CCI4 

153.8 

8* 

5 • 526 

GeC 4 

214 3 

8 : 

6 274 

SnCl^ 

260.8 

8 

7-499 

C,H, 

78 0 

30 

5 181 

C,H.F 1 ' 

96.0 

30 

5 465 

' C^H^Cl 

112 45 . 

30 

7 017 

C.H,Br 

157 0 

30 i 

7 8 io(?) 

C,H,I 

204 . 0 

3 « i 

9 -i 35 (?) 

Kther 

74.0 

28 

4 797 

Methyl propionate 

88.0 

28 

5 377 

Ethyl acetate 

88.0 

28 

5 397 


It is clear from Table I that the factor M^K increases 
steadily with the molecular weight. 

The importance of valence is shown in Table II. A heavier 
compound, if it have fewer valences, may have a lower mass 
of cohesion than a lighter substance. 


Table II 


Substance 

Mol. weight 

Valences 

■ 

M*K X 

C,HJ 

204.0 

30 

9-135 

SnQ^ 

260.8 

8 

7-499 

CsH,Br 

1570 

30 

7.810 

CCI4 

153-8 

8 

5-526 

Iso-pentane 

72.0 

32 

5-089 

Ether 

74.0 

28 

4-797 

Ethyl formate 

74.0 

22 

4. 188 


‘ The valence of the halogens in this.,and the next table is, for simplicity, 
taken as unity. Their true valence is discussed farther on. 
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It might also be imagined that the mass of cohesion was 
a function of the number of atoms in the molecule, rather 
than the number of valences, but a trial of this possibility 
showed that this was not the case. 

After many trials in which the mass of cohesion, or the 
factor M*K, was supposed to be a function of the first power, 
the square, the square root, or the square of the cube root of 
the product of the number of valences and the molecular 
weight, it was found that only the last supposition yielded a 
consistent result. In all the other guesses, the proportion- 
ality factor “ C ” was far from being constant . Hence we have ; 
M*K = C(Wt X Val.)’^ 

With the values of M’K computed by the siu^ace tension 
formula it was found that the quotient M^K/(Wt. X Val.)’'* 
was indeed as constant as could be expected and C had a mean 
value of 2.98 X when M“K is the square of the mass of 

cohesion of one molecule multiplied by K and expressed in 
absolute units. If “a” of van der Waals’ equation is taken 
for I cc. of gas under standard conditions and expressed in 
atmospheres, the proportionality factor C would be 2 . 2564 X 
10“'*. This gives values for "a" a little higher than those 
generally accepted owing to my having used the coefficient 
2.19 instead of 2.12 in computing M^K from the surface 
tension. The computation of “a” for ether by the formula 
2 . 2564 X 10"^ (Weight X Valences)'^' gives the value 
0.03669, whereas the value from the usual formula of van der 
Waals is 0.03473; the coefficient 2.12 would have given the 
value 0.03550. The fact that these values are throughout 
proportionally somewhat higher than those usually assumed 
does not affect the constancy of C. 

Table III shows that the quotient M*K/ (Wt. Val.)'” really 
equals a constant when M®K is computed for the compounds 
of carbon, hydrogen and oxygen of which the critical data 
have been so carefully determined by Young. For the ele- 
ments of these compounds there is no doubt of the valence 
number. Carbon is always quadrivalent, hydrogen uni- 
valent; and oxygen has been taken as bivalent. 



Table III 
M*K/(Wt. Val.)*' 
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It will be seen in Table III that C has a mean value of 2 .98 X 
10”*' for the twenty-six non-associating, or nearly non-asso- 
ciating, substances studied by Young. The greatest devia- 
tion from the mean is octane on the one side, which deviates 
a little more than four percent; and on the other, fluorben- 
zene, which deviates 6 percent, methyl isobut)Tate deviating 
a little over 3 percent, and brom- and iodobenzene. The 
deviation of the last two substances, about 7 percent, may, I 
think, be disregarded since the critical temperature and pres- 
sure were estimated and not directly determined; the critical 
data are therefore less certain. The other twenty-one sub- 
stances do not deviate more than 3 percent from the mean. 
The cause of the deviation of fluorbenzene is uncertain, but 
there is a regularity in the other deviations which suggests 
that the size, shape, or compressibility of the molecule may 
play a slight role in determining the critical data, or the co- 
efficients of our formulas. For it appears that M^K, and 
hence C, is always lower in the iso-compounds than in the cor- 
responding normal compounds. Diisobutyl has C of the mean 
value, whereas normal octane has a high value for C ; a similar 
relationship exists between diisopropyl and hexane; and be- 
tween iso- and normal pentane. Some of this difference 
would disappear if, instead of taking equal to x’c/4, I had 
used the accurate ratio computed from the law of rectilinear 
diameter. Thus Vq of isopentane is only \v/3.92; while 
that of pentane is Ve/3.96 and octane is Vc/4.04. The sub- 
stitution of these values for Vq in computing M®K would have 
made C of isopentane 2.98; of pentane, 3.03. The difference 
is not entirely due then to this factor. It seems more proba- 
ble to me that is not always exactly the same fraction of 
Ve and that consequently the coefficients of the formulas used 
in computing M^K are not exactly the same in all substances. 

Notwithstanding these slight deviations, the constancy 
of C is certainly remarkably good and shows beyond ques- 
tion, I think, that a close connection exists between molecu- 
lar cohesion and the molecular weight and number of valences 
in the molecule. 



i86 


Albert P. Mathews 


O M 00 t-« N fOJQOlj \Z 

It 11 It It 5 •« II II II « « II 

*4 tfpitf'i'iiijii, 'itf 'i": p: 

viT NO ^ p!J ^ NO w tC 

W OQOOMfO*- ..- 004 O*-‘*-'r 0 

Nr^fOCI'OlOlCt^'-'NOMOOONON*^ ^ 

Ot^foc^roM»-'focoaNMfoc^<owr^tOj| || m 

II » II II II II II 11 II II II 11 11 II 11 ^11 >; II 

lO O W 

M c^no ^oo m onoo ooo 

Q\ O 00 O On OnnO O^^On'^O OOn On 

W fOfOfOCMfOMCiMcOrocseOfO N 


sO'<t<NOQO'^00 T*-QO O 00 O 
fO nOnO 


H rj-ci rrjNCONO 'nfONOOO OO 
ONfOTht^rj-rOCH '«J‘iOW m 


O' O Cl <N I^nO t>»00 lO »o to 
lOOClQ'-'NONOtO "^nO no no 00 
rf-oo O O f^OO NO O O 00 r|- 
IN NO IN 00 Cl •-< 00 ONOO ON On Q Cl 
00 o HHVO Tj-Ci o rONOONNOO On 


iOThTfio»oiONO»oio»o»0’^»o 

<OrO^<OC^rO<OrO<rOtOrOrocO 


s mmmmi si ^ 


a; 

^0 VMt 

•I il 

i § ^ 2 


(U G<uojjOoyS 

^ S j3 'S S S5 b ^ b^ 2 

J I St! g'&g'g'g ^ 

Cl co’^tONO r>.oo onO m d fo*^ 


18 Me fluoride CHjFl — 35 10958 34 8 3.07 j Tc = 44.9; Pc = 62; FI = 

19 Isoamylene CgH,, —35 69737 I 7o 30 3 04 Tc = 191.6; Pc = 33.9 

20 Isobutyl benzene C,oHic —34 030591134 54 2.87 , Tc = 377.1; Pc = 31.1 

21 Isopropylbenzene CjIIq — 35.996031120 48 3.08 ■ Tc = 362.5; Pc = 32.2 

^ This is a mean value of M*K computed by the several different formulas given in my previous paper. 
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Table IV is a summary of the values of C computed for 
forty-one other substances, of many of which the critical 
data are not so accurately known as those included in Table 
III. Since for most of these substances d^ and were not 
given in the Tandolt-Bornstein-Meyerhoffer tables, I com- 
puted Yc by the formula VcPc/T^ = 21.92 and then M*K 
by the formula M*K = 3.594 X 10"*® V^Tj. The values of 
Yc so computed are of course not so accurate. Wherever 
the critical volume or density was given it was used. In a 
few cases, which are specified, M*K was obtained by dividing 
the value of “o,” given by Guye and Mallet, by N^ i. e., 
(2.77 X io‘®)*. 

While the values are thus less certain and the deviations 
somewhat greater, the mean value of all is what it was for the 
other substances, i. e., C = 2.98 X io~”. The values are 
surprisingly uniform. It will be noticed that the more com- 
plex substances such as diphenyl and diphenyl methane have 
C a little high. This may possibly be due to slight associa- 
tion or quasi-association in these substances With this 
and one or two other exceptions the uniformity of C is marked. 

All substances knov?n«to be associating give a value 
for C higher than 2.98 X 10'“^ when M^K is computed by 
the same formulas as for normal substances, and the weight 
and valence used in computing C are those of the normal 
non-associated molecule. This result is to be anticipated, 
since in these substances the molecular weight and valence 
do not remain the same throughout the temperature interval. 
The computation of M^K from the critical data is uncertain 
in the case of associating substances for the reason that there 
is no certainty that the coefficients of the formulas are the 
same for these substances as for normal substances. Although 
the figures for M^K are thus uncertain, I have nevertheless 
calculated M*K by the usual formula in order to show that 
these substances deviate in the direction we should expect 
from the value of C found in normal substances. The re- 
sults are given in Table V : 
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I have also calculated the value of M*K and the quotient 
C of a number of other substances from the stuface tension 
measurements of Ramsay and Shields. Prom the surface 
tension, the critical temperature may be calculated approxi- 
mately by the rule of Eotvos, revised by Ramsay and Shields, 
namely, K(Xc — T — 6 ) = SCMv)”^’, where S is the surface 
tension in djmes at the absolute temperature T and Mv the 
molecular volume. Having thus found Tf, the fraction T/T^ 
may be calculated for any temperatiure and by interpolation 
from the cxtrve expressing the relation between T/Tc and V /Vc, 
V/Vc may be found and from this Vc may be calculated if 
V is known. We thus obtain the theoretical critical volume. 
From Vc and Tc the value of M*K may be calculated either 
by the surface tension formula or the formula M*K = VcTc 
3-594 X io“‘®. I shall, in the first place, show how exactly 
the law correlating M*K with weight and valence holds for 
some substances which do not contain chlorine but contain 
elements of which the valence is fairly certain. Some of 
these substances associate .slightly. The results are summar- 
ized in Table VII. 

From Table VI it may be seen that the values obtained for 
C, although less reliable than those from the other tables, 
nevertheless agree well with the mean of about 3 X 10 "*’. 

The substances marked associating in the above table 
were found to be so by Dutoit and Mojoiu,* who determined 
the association and calculated the mean molecular weight at 
various temperatures. 

There are two sources of uncertainty in computing “o” 
and M*K for the simplest gases; the first is the uncertainty 
of the critical data of some of them; and the second, the un- 
certainty that the coefficients of the formulas hitherto 'used 
for calculating these values remain the same for the gases. 
If the usual formula for “a” be used, by which “a” is calcu- 
lated from the pressure and temperature, the formula being 
derived from certain assumptions as to the value of the crit- 

* Dutoit and Mojo'iu: Constante de capillarity et poids mol 4 culaire. Jour. 
Chim. Phys., 7 , 169 (1909). 
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ical coefficient, the value of C is, for fairly complex substances, 
about 2.80 X 10"®’; but in the simple gases, such as N, 0 , 
Hj, Oj, Nj, etc., it is uniformly lower and about 2.25. The 
question is, therefore, whether this formula does not give an 
exact value for M®K, or whether the relation of M®K to the 
weight and valence is only approximate and does not remain 
the same for the simple substances. It is possible that the 
ratio 27/64 in the “a” formula is not the same for all sub- 
stances, but may vary a little with the complexity, or com- 
pressibility, of the molecule. To solve this uncertainty, I 
have computed M^K directly from the surface tension of the 
liquid gases by the half empirical formula which holds pretty 
well for more complex substances: — i/v.p) = 

3St^/''“[(T<; — 6)/(Tf — T — 6)]“'’ I have used the data of 
Baly and Donnan in this calculation. I also calculated M’K 
from the latent heat of vaporization from figures given by 
Dewar in his article on Liquid Gases in the Encyclopedia 
Britannica, by the formula: L — E = a(i/V, i/V.i,). a = 
N®M®K. This formula neglects the heat used in the expan- 
sion of the molecules in passing from the liquid to the vapor. 
It generally gives, therefore, a value of M^K somewhat too 
high. I have also computed M*K by the usual formulas in- 
volving Vc and Tf instead of Pc such as the surface tension 
formula. In Table VII I have included the values thus cal- 
culated for hydrogen, using successively the critical data of 
Olszewski and Dewar. 

It is evident that a considerable uncertainty in the case 
of hydrogen arises from the uncertainty of the critical data. 
I think the PcV®c formula gives too high results. If we take 
the mean of all it would be —37 88161. With the valence 2 
and the weight 2 this would give for “c” a value of 3.02 X 
10“®’, which is close to the value obtained before. 

I have made similar calculations in the case of oxygen, 
nitrogen, carbon dioxide and nitrous oxide. For the sake of 
brevity I omit these and give in Table VIII only the mean 
value for M®K for each gas. 

It is clear from Table VIII that with the exception of car- 
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bon monoxide, which is hopelessly aberrant if carbon and oxy- 
gen have a higher valence than one, the value of C comes close 
to the value found in other substances, namely, 2.98 X 
It is true that in making the calculation I have, in one or two 
instances, used other valence numbers than those generally 
attributed to the elements. Thus chlorine is trivalent. But 
I shall show in a subsequent paper that chlorine is always 
trivalent in its organic compounds; nitrogen in the gaseous 
form is univalent, while it is bivalent in nitrous oxide;' but 
both these valences have already been ascribed to nitrogen. 
Oxygen cannot have more than two valences in the molecule. 
The value I have taken for M^K is certainly as high as the 
facts warrant and the critical data seem reliable. I believe 
that the conclusion is justified that oxygen is monovalent 
in its gaseous form. The surprising fact is the value for car- 
bon dioxide. The carbon cannot be more than bivalent 
here, giving a kind of peroxide formula, if carbon dioxide is 
to follow the rule. On the whole, the gases agree well with 
the results already obtained for C. 

In^ a subsequent paper I shall show that all chlorine com- 
pounds*also follow the rule if the chlorine be taken trivalent; 
and that there is good reason, from quite independent sources, 
to attribute a valence of three to chlorine. The valences of 
sulphur, nitrogen and the argon group will also be considered 
separately. 

In closing it may be pointed out that the law just estab- 
lished can be used to determine the number of valences in a 
molecule if M“K of the substance is known, or if its critical 
data are known, as follows: If the computation is made 

from the approximate values of “a’' given in the Landolt- 

Bomstein-Meyerhoffer tables, which were computed by the 

formula: a == X 273^ X Pc), proceed by the 

following formula: (i) Valence number = (a) X 3 -2 X 
ioV(Mol. Wt.)- Or, if the calculation is made from the 
critical data, the following formula will serve : 

^ Possibly nitrogen is univalent in this gas, but the oxygen is quadriva- 
lent, having two free valences. 
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(2) Val. number = 0.0043 (Mol. Wt.); or. if 

the calculation is made from the temperature and volume: 
(3) Val. number = 4.21 x X (VcTr)“/V(Mol. Wt.). 



In these formulas Vc is the critical volume of a gram mol. in 
cubic centimeters; Tc, the absolute critical temperatiu-e; 
and Pc the critical pressure in atmospheres. 
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How accurately the number of valences can be calculated 
by the first formula is shown by Table IX, which is, of course, 
little more than a rearrangement of the results already stated 
in the preceding tables, except that in this instance I have 
used ^ the approximate values of “o” given in the Landolt 
tables computed by the formula a = X 273^ X Pc). 

An inspection of Table IX will, I think, convince all that 
molecular cohesion, as expressed by the value “a” of van 
der Waals’ equation, is a function of the weight and valence 
of the molecule. If “a” is calculated for all these substances 
from the critical temperature and pressure by the formula; 
o = 27T“c/64Pc X 273“, the number of valences is calculated, 
with a remarkable degree of approximation, from the as- 
sumption that a CNWt^ 'Var' ’, by the formula given at 
the beginning of the table. It will be noticed that all asso- 
ciating substances give by this formula a larger number of 
valences than that calculated for the normal substance, and 
that the degree of excess of the number of valences is more 
or less proportional to the degree of association. Thus 
the largest excess is in the case of water, where the cohesion 
calls for 22 valences, and in some of the nitriles; whereas sub- 
stances like the esters, which associate very little, have only 
a few valences in excess. Putting aside associating substances, 
of which the deviation from the rule is to be expected, there 
are certain exceptions characteristic of certain observers. 
The coefficient 3.2 X 10“ was taken from Young’s data for 
ether. It will be seen that always- Nadejdine’s critical con- 
stants give a value for “a" lower than Young’s, where both 
observers have worked on the same substances. So the sub- 
stances computed from Nadejdine’s critical data generally 
show a deficit of two or three valences to the molecule. I 
think in these cases Young’s values are to be accepted. Vin- 
cent and Chappuis’ determinations, also, generally come a 
little low, though they are very close. The main constant 
deviation from the law is to be observed in the case of sub- 
stances like methane and hydrogen erf very low molecular 
weight and great molecular simplicity; and those substances 
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studied by Guye and Mallet’ of very high molecular weight 
and complexity, such as durol, cymol, diphenyl and diphenyl 
methane. So far as I can find, the evidence is that these sub- 
stances associate but little; so the deviationc annot be attrib- 
uted to that. It may be that Guye and Mallet’s determina- 
tions have some constant source of error which brings them 
higher than determinations on similar substances by Altschul, 
but I do not think this is the explanation of the facts. The 
fact that the deviation is in the opposite direction in the sim- 
plest from what it is in the most complex substances leads 
me to believe, as stated on page 192, that the calculation of 
“a” by this formula may be at fault. 

While there can be little doubt that this formula gives a 
value for “ c ” approximately correct for all normal substances, 
as van der Waals has recently reaffirmed, and accordingly 
that the ratio 27/64 is at least approximately true for all 
substances, yet it is not certain that this ratio is exactly con- 
stant for all substances. It can only be strictly justified for 
the simplest substances in which “i>,” the volume of the mole- 
cule, is constant. I believe it to be far more likely that this 
ratio changes a little with progressive increase in molecular 
complexity, and a resulting greater compressibility of the 
molecule, as indeed van der Waals has suggested, than that 
the law, which I have here attempted to establish, of the de- 
pendence of cohesion on molecular weight and valence holds 
strictly only for substances of medium complexity. This re- 
lationship of cohesion to these two molecular properties seems 
so probable and so fundamental that I believe we may, with 
some confidence, anticipate that if it holds at all, it holds 
ever3rwhere. 

It seems not worth while to consider this question further 
until it is decided whether “o” is in all instances determined 
by the formula just mentioned; or whether the ratio 27/64 
is true only for the simplest substances with constant molec- 
ular volume, that is a constant “ 6; ” and that for more complex 

* Guye and Mallet: Comptes rcndus, 133, 1288 (1901); 134, 168 (1902). 
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ajad compressible molecules it must be slightly diminished 
as the complexity and compressibility increases. If the lat- 
ter shall prove to be the ca.se, then most of the exceptions 
noted in the preceding pages would disappear. The substitu- 
tion of the value for “M*K” computed by my formula from 
the surface tension would have given a much closer agreement 
of the calculated and observed valence numbers, but I wished 
to show that the law holds at least approximately even though 
we use the approximate values of “o” computed by the usual 
formula. 

The constant 2.98 X io“” discovered in the foregoing 
pages, is evidently the factor M’K of a substance of unit 
molecular weight and unit valence. No such substance as 
this is known, but hydrogen with a weight and valence of 
two, and helium with a weight of four and valence of unity (?) 
have values of M*K not very different. Thus for hydrogen,* 
M*K is between 3.16 and 7.72 x and M^K of helium 

lies between the same two values probably. The value of 
2 . 98 X 10“*’^ is of the order of magnitude of the gravitational 
attraction of two average molecules. Thus at 20° two mole- 
cules of ether in the liquid state attract each other gravita- 
tionally with a force of 3.1 1 X lo'®* dynes. The similarity 
of these values is, however, probably only a coincidence. 

Conclusion 

The facts presented in the foregoing pages enable us to 
draw the general conclusion: The “mass” of cohesion of a 
molecule is everyw'here proportional to the cube root of the 
molecular weight multiplied by the cube root of the number 
of valences in the molecule. Or, to put it in another way, 
“o” of van der Waals’ equation for one cc. of gas under 
standard conditions is equal to 2 . 98 X io~®' X Mol. Wt“ X 
Valences^^^ X (2.77 X 10**)® dynes; or this number divided 


‘ M'K for Hj computed from the value "a” given by Landolt-Bdrnstein 

27 


is 5-55 X 10””. This was computed by the formula a 


64 X 273 ’ X Pc 
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by 1. 0135 X 10* atmospheres. This formula gives a value 
for “o” somewhat higher than the ordinary formula and it 
may be that the coeflScient should be taken a little lower. 

The theoretical significance of this relationship of cohe- 
sion to the molecular weight and the number of valences 
is veiy interesting, but I shall reserve its consideration for a 
subsequent paper. 

University of Chicago 



THE PHOTOSENSITIVENESS OF FEHLING’S 
SOLUTION 


BY ALAN LEIGHTON 

In a discussion of Fehling’s solution, Byk‘ points out that 
Fehling’s solution is decomposed by light having a wave- 
length of something less than 4oo/</<, while it is not sensitive 
to light corresponding to the absorption band in the red and 
yellow. 

“The sensitiveness of Fehling’s solution to light and the 
consequent precipitation of cuprous oxide was noticed by 
Fehling* himself and was afterwards studied carefully by 
Eder.® It is necessary to find out to w’hat rays the solution 
is sensitive. Since the sensitiveness to light is relatively 
slight, experiments were made to find the most sensitive mix- 
ture of caustic soda, Seiguette salt and copper sulphate solu- 
tion. Ill consequence the solution used in the later experi- 
ments was always made up in the following way: Forty 
grams of crystallized copper sulphate were dissolved in water 
and the solution diluted to 200 cc; 200 grams Seignette salt 
were dissolved to make 400 cc solution. To 15 cc of the 
Seignette salt solution there were added 2.5 cc copper solu- 
tion and then 10 cc of a ten percent caustic soda solution. 
To increase the absolute elTect of the light, the solution under 
examination was illuminated from all sides. A stoppered 
cylinder containing the Fehling solution w'as placed in a 
beaker which could be filled with colored liquids to act as ray 
filters and to cut off special portions of the solar spectrum. 
The thickness of this outside solution w^as about 5 cc. To 
prevent the direct daylight from acting on the solution, black 
paper w^as placed over the top of the beaker and down the 

* Zcit. phys. Chem., 49, 659, 679 (1904). 

* Liebig's Ann., 72, 108 (1849). 

® Sit2ungsber. Akad. Wiss. Wien, 92, 344 (1885). Kder showed that a 
sensitiveness to light existed also in dilute solutions containing o . 02 gram-atom 
of copper and o , i gram-molecule of tartaric acid per liter. It is to be noted that 
the Fehling's solution of the ordinary composition is only very slightly .sensi- 
tive. 
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sides to just below the level of the ray filter solution. When 
20 cc of the standard solution were exposed to daylight with- 
out any ray filter solution, a distinct precipitation of cuprous 
oxide could be noted in one to two days. 

“Since the deeply colored Fehling’s solution shows strong 
absorption in the red and yellow, it was thought at first that 
these rays would be the ones which were photochemically 
active. Therefore two ray filter solutions were prepared, 
such that one of them cut out completely the rays ab- 
sorbed by Fehling’s solution, the red end of the spectrum, 
while the other let the red rays pass and cut off the violet 
rays. The first solution was Fehling’s solution itself, made 
up of 200 cc Seignette salt solution, loo cc copper solution and 
400 cc 10 percent NaOH; the second ray filter solution con- 
sisted of 0.12 percent tartrazin. When these two solutions 
were placed one behind the other, they allowed a band in the 
green to pass, so that the two sets of transmitted rays overlap 
a bit. It is therefore certain that every ray of the visible 
spectrum can pass through one or the other of the solutions. 
Consequently, the photochemical effect must be obtained 
with one ray filter or the other in case the action is due to rays 
from the visible spectrum. To my great surprise there was 
no precipitation of cuprous oxide in either case' even long 
after precipitation had occurred in a control experiment 
with no ray filter solution. The photochemically active rays 
must therefore be outside the visible spectrum. 

“Since Fehling’s solution absorbs the red end of the spec- 
trum and lets the violet through, it was thought at first that 
the ultra-red rays might be the active ones. To test this, 
the solution was illuminated behind a filter which cut off the 
ultra-red absolutely. Distilled water was selected as the ab- 
sorbing liquid, but this lets through the shortest of the ultra- 
red rays. At the suggestion of Professor Rubens, to whom I 
express my thanks, enough ferrous chloride was added to 

* [The selection of Fehling's solution for a ray filter seems fundamentally 
wrong. — A. L.] 
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the water to make the solution distinctly green. To prevent 
the oxidation of the ferrous salt during the long experiment, 
a solution of acidified stannous chloride was added while a 
layer of kerosene cut down the rate of diffusion of oxygen. 
Under these conditions the solution remained permanently 
greenish and no ferric salt could be detected even after several 
days. With this filter in place the photochemical change 
took place readily. This made it certain that the action must 
be due to ultra-violet rays. 

“If that is the case, the precipitation of cuprous oxide 
must be prevented by the use of a ray filter which cuts off 
the ultra-violet. The addition of quinine sulphate makes 
distilled water opaque to ultra-violet. As a matter of fact, 
a one percent solution of quinine sulphate acidified with a lit- 
tle sulphinic acid protects Fehling’s solution from the action 
of the sun’s rays. The active rays are therefore really in the 
ultra-violet. In addition to an upper limit of about ^oonn 
for the wave-length of the active light, we can also give a 
lower limit. According to Precht* a tartrazin solution ab- 
sorbs chiefly the wave-lengths 495-362 but cuts dowm the 
rays as far as 352. Sfifi. Since tartrazin protects Fehling’s 
solution, the active wave-lengths must be above 350/4// and 
there must be a maximum sensitiveness between 400/4/4 and 
about 350/4/4. 

“If the photochemical absorption law holds, there must 
also be a strong optical absorption in this region. To prove 
this, spectrum photographs were made on silver bromide 
gelatine plates using a grating photograph. In one case the 
sunlight passed through a layer of distilled water, one centi- 
meter in thickness; the second time it passed through an equal 
thickness of Fehling’s solution. Varying the absolute times 
of exposure brought out the fact that in all cases the plate 
behind the water blackened farther into the ultra-Violet than 
did the plate behind Fehling’s solution. There is therefore a 
region of increasing absorption in the ultra-violet. In one 


* Zeit. wiss. Photographic, i, 262 (1903). 
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-exposure behind Fehling’s solution, no sign of a blackening 
•could be found beyond 359////, while behind the water layer 
the blackening could be followed down to 341 .5/t/t. There is 
therefore a strong optical absorption over the range of photo- 
chemical activity. This is the more remarkable because one 
would not have suspected the existence of an absorption 
band in the ultra-violet so near the visible spectrum in the 
case of a solution like Fehling’s solution which lets the blue 
and violet through completely and absorbs the red and yellow.” 

The decomposition of Fehling’s solution by the longer 
ultra-violet rays and the failure of the red and yellow rays 
to cause a reduction seems, at first, not to be in agreement 
with the generalization that all radiations which are absorbed 
by a substance tend to eliminate that substance.' The dis- 
crepancy disappears if we show that the red and yellow rays 
do tend to decompose Fehling’s solution but that they are 
not powerful enough, under the conditions of the experiment, 
to produce actual decomposition unaided. Bennett^ has 
proved that light reduces copper sulphate solutions in presence 
of a dilute solution of phosphorus in ether, and that ‘‘the 
-effect due to light is superposed on the effect due to the re- 
ducing agent, thereby making possible reductions which would 
not take place in the dark.” 

Following out this idea it was thought advisable to add a 
reducing agent to the Fehling solution in quantities too 
small to bring about definite reduction in the dark, and then 
to subject the solution to the action of red light in order to see 
whether the combined action of red light and reducing agent 
would cause reduction to cuprous oxide. 

The Fehling solution was made up according to Byk. 
Solution A consisted of 40 grams crystallized copper sulphate 
in 200 cc; solution B of 200 grams sodium potassium tartrate 
in 400 cc; and solution C of 20 grams NaOH in 200 cc. A 
solution was also made up which contained ten grams of hydro- 
quinone per liter. 

* Bancroft: Intemat. Congress Applied Chemistry, 20, 33 (1912). 

’ Jour. Phys. Chem., 16, 785 (191a). 
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In small bottles there were placed a Fehling solution con- 
sisting of 2.5 cc A, 15 cc B and 10 cc A. Varying amounts 
of the hydroquinone solution were added to different bottles. 
One lot of bottles was placed in the dark while another set 
was exposed to the action of red light. The source of light was 
a 2.5 kw Macbeth carbon arc printing lamp. A potassium 
bichromate solution was used as a ray filter, cutting off all 
except the red end of the spectrum. To ensure effective 
screening, the bottles containing the Fehling solution were 
immersed in liter beakers containing the bichromate solution. 
The thickness of the ray filter .solutions was about 4.5 cm. 

The data and results are given in Table I. 

TAni.E I 


Bottle 

No. 

Fehling’s 

solution 

Hydro- 

quinone 

Subjected 15 hours 
to 

Result 

cc 

t 

cc 



I 

27 5 

( 1 

0.0 

Direct light 

Reduced 

2 

0 0 

Red rays 

No apparent red 

3 

( ( 

0.0 

Darkness 

4 ( 

4 

i t 

0. 10 

Red rays i 

tt 

5 

1 1 

0 20 

i i ' 

(( 

6 

i ( 

0.30 

4 1 i 

1 

( f 

7 

1 ( 

0.40 

‘ ‘ 

< ( 

8 

( ( 

0 60 

<4 1 

Reduced 

9 

< t 

0 80 

“ 1 

I 

a 

10 

t » 

I .OC) 


<< 

1 1 

( i 

0 60 

Darkness 

1 4 

12 

i ( 

0 8() 


it 

13 

( < 

0 40 

Red rays 

No apparent red 

H , 


0.40 

Darkness 

( { 

15 i 

1 ^ j 

1 

0.45 

Red rays 

Reduced 

16 

1 

0*45 

Darkness 

No apparent red 

17 


0.45 

Red rays 

Reduced 

18 


0.45 

Darkness 

No apparent red 

19 


0.4s 

Red rays 

Reduced 


In all cases the bottles were made up with quantitative 
accuracy and were left standing at the temperature of the 
room. In order to be certain that the experiments were not 
vitiated by temperature fluctuations, the check bottles, which 
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were kept dark, were always made up at the same time as the 
others and were tested along with them. 

B^om the data concerning Nos. 15-19 inclusive, reduction 
takes place when a Pehling sc^ution containing 0.45 cc 
hydroquinone solution is exposed to red light, whereas no 
reduction to cuprous oxide takes place if the solution is kept 
in the dark. 

The results of this paper are : 

1. By adding a suitable amount of hydroquinone to a 
specified Fehling solution, the solution is reduced by the 
action of red light, whereas the solution is not reduced if 
kept in the dark. 

2. Since red light actually reduces a specified Fehling 
solution to which a suitable amount of hydroquinone has been 
added, the red light must tend to reduce the same Fehling 
solution to which no hydroquinone has been added. 

3. The case of Fehling ’s solution is not an exception to 
the generalization that all radiations which are absorbed by 
a substance tend to eliminate that substance. 

4. Another case has been studied in which reduction is 
caused by the combined action of a certain light and a certain 
reducing agent w'hereas no reduction by the action of the light 
alone or by the reducing agent alone when used at that con- 
centration. 

This investigation was suggested by Prof. Bancroft and 
has been carried on under his supervision. 

Cornell University 



A QUANTITATIVE STUDY OF SOME PHOTOCHEMICAL 
EFFECTS PRODUCED BY ULTRA-VIOLET LIGHT* 

BY J. HOWARD MATHEWS AND LEON H. DEWEY 

The object of this investigation was to follow, quantita- 
tively, the decomposition and oxidation of various solutions 
under the action of ultra-violet light. For this purpose solu- 
tions of sodium sulphite, potassium permanganate, potas- 
sium dichromate, and oxalic acid were used. 

A Cooper-Hewitt quartz mercury vapor lamp was used 
as the source of ultra-violet rays. The lamp was run on a 
direct current and used three amperes with a potential drop 
across the terminals of 70 volts. Care was exercised to keep 
the current strength constant, as the velocity of the reactions 
studied is so highly dependent upon the strength of the il- 
lumination. 

The flasks containing the solutions to be worked with 
were made of transparent quartz, a material which allows 
the ultraviolet rays to pass freely. They were supported in 
direct light of the lamp at a distance of 10 cm. Due to the 
considerable amount of heat generated by the lamp in action, 
and the heat effect produced by the absorption of the rays, 
the temperature had to be controlled. This w^as accom- 
plished by supporting a water-bath immediately under the 
lamp, connecting it with a water tap and so (regulating the 
flow of water as to keep a constant temperature in the bath. 
The temperature of the water was kept at about 20°. The 
quartz flasks were supported on floats in this bath in such a 
manner that one-half of their surface was exposed to the 
light, the other being exposed to the cooling action of the 
water. A thermometer kept in the solution indicated its 
exact temperature. It was found possible to maintain a 
constant temperature of 25° ±1.5°, which was close enough 

* A paper read before the Eighth International Congress of Applied Chem- 
istry in New York, September, 1912. 
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as temperature coefficients of photochemical reactions are 
small. 

The solutions used were o. i normal. In titrating the 
weight burette was used. The water from which the solu- 
tions were prepared was specially distilled from the city water 
supply; potassium permanganate was added to the water 
before distillation, and the first third of the distillate re- 
jected. 

Sodium Sulphite 

A liter of o.i normal sodium sulphite was divided into 
two portions of 500 cc. each and placed in glass-stoppered 
liter fiasks. One of these was placed in the dark and the other 
placed in daylight. The solutions were titrated at intervals 
with a o.i normal solution of resublimed iodine. The solu- 
tion in the light oxidized completely in four days’ time, 
while that portion of the same solution which was kept in the 
dark for the same period of time was but about half oxidized. 
From this it v/as very evident that the oxidation of sulphite 
solutions is greatly accelerated by light. 

Separate experiments in which the containing vessels 
were entirely filled with the solutions showed that in the 
absence of air the oxidation is but very slight. This slight 
oxidation is, of course, due to the oxygen contained in the 
water. 

For the study of the effect of ultra-violet light on the 
oxidation of sodium sulphite solutions, a o . i normal solu- 
tion contained in a quartz flask was placed under the light. 
It was found that the ultra-violet light has a decidedly ac- 
celerating influence on the reaction. The oxidation pro- 
ceeded about twenty times as rapidly in this light as in the 
ordinary light of the laboratory. 

In order to determine whether there might not be an 
autoxidation of the sulphite in the ultra-violet light, a o . i 
normal solution prepared from boiled water was placed in a 
quartz flask, care being taken to completely fill the flask. 
Exposure to the light for six hours produced no appreciable 
oxidation. 
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Potassium Permangranate 

Solutions of potassium permanganate are usually con- 
sidered quite stable, although it is known that upon long 
standing they do change somewhat. 

A rather strong solution of potassium permanganate 
was subjected to the action of ultra-violet light for seven 
hours. It was titrated before and after exposure with a 
standard solution of oxalic acid, in presence of sulphuric acid. 
A slight reduction of the strength of the solution was evident, 
and a deposit of oxide appeared on the walls of the vessel. 

Potassium Bichromate 

Six hours exposme of a o.i normal solution of potas- 
sium bichromate to the ultra-violet rays produced no change 
whatever in the strength of the solution. 

Decomposition of Oxalic Acid 

Solutions of oxalic acid when placed in ultra-violet light 
are but very slowly decomposed. However, if a uranium 
salt be present the reaction is greatly accelerated. A series 
of determinations of the rate of decomposition of oxalic acid 
solutions with varying amounts of uranium salts and with 
salts of uranium containing different acid radicles was made. 
The nitrate, sulphate and acetate were used. The oxalic 
acid solutions were o i normal, and were titrated with 
O.I normal solutions of potassium permanganate. 

In the first experiment, a solution containing approxi- 
mately 0.5 gram of uranium nitrate pier 100 cc of o. i normal 
oxalic acid was used. In the first series of titrations con- 
siderable trouble was experienced in keeping the intensity 
of the light constant. This fact accounts for the irregularity 
shown in the curve (Fig. i). During the first two hours 
the pressure was low, after which it increased while the bat- 
teries were being charged until at the third hour the maximum 
was reached. At the end of the fifth hour the pressure began 
to fall off again, and the rate of decomposition of the acid 
decreased correspondingly, all of which is well shown on the 
graph. 
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In a later series, using the same concentration of uranium 
nitrate, no difficulty was experienced in the regulation of the 
light, and the curve plotted from the data obtained was per- 
fectly linear. 
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Oxalic acid with varying amounts of uranium nitrate 
were then subjected to the action of the ultra-violet rays, 
with the results shown in the accompanying tabulations 
an d the graphs plotted therefrom. 

Series No. i. — C ontaining 0.5 Gram Uranium Nitrate in ioo 

cc OK Solution, 


Time of titration I Millimols of acid present per liter 


10 

•45 

A.M. 

1 IOO 

.0 

1 1 

•45 

A.M. 

I 85 

0 

12 

45 

P.M. 

74 

9 

I 

•45 

P.M. 

65 

0 

2 

45 

P.M. 

56 

3 

3 

45 

P.M. 

48. 

5 

4 

45 

P.M. 

33 ' 

4 


Series No. 2 . — Containing 0,25 Gram Uranium Nitrate in 100 

cc OF Solution 


Time of titration 


M illimols of acid present per liter 


ll .00 A.M. 
12.00 M. 

I 00 P.M. 

2.00 P.M. 

3.00 P.M. 

4.00 P.M. 

5.00 P.M. 


100.0 

96.0 

90.5 

85.5 

79-4 

73.8 

65.0 
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SbriBs No. 3.— Containing o. i Gram op Uranium Nitrate in ioo 

cc OP Solution 

Time of titration ! Millimols of acid per liter 


8 

.00 

A.M. 

IOO 

0 

9 

.00 

A,M. 

97 

0 

10 

.00 

A.M. 

92 

0 

II 

.00 

A.M. 

88 

.8 

12 

.00 

M. 

86 

5 

1 

.00 

P.M. 

85 

0 

2 

.00 

P.M, i 

77 

.8 


Fig. 2 shows, graphically, the results given in the above 
tables. It will be observed that the curves are linear, the 
rate of decomposition being constant. 



The next series of determinations w'ere made with ura- 
nium sulphate as catalyzer. Since it is the uranium which 
is the active agent in accelerating the reaction, care was taken 
to use equimolecular amounts of the different salts. 

Series No. 4. — Containing 0.427 Gram Uranium Sulphate in 

IOO cc OF Solution 

Time of titration Millimols of acid per liter 


10.00 A.M. 

IOO 0 

11.50 A.M, 

93 0 

12.50 P.M. 

76.8 

1.50 P.M. 

65.8 

2.50 P.M. 

50- 7 

3 50 P-M' ‘ 

39-9 

4.50 P.M. 

27.8 
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SssiBS No. 5. — Containing 0.214 Gram Uranium Sulrhats in 
100 cc OF Solution 


Tiin« of titration 

1 Millitnols of acid per liter 

j - - 

II .00 A.M. 

i ■ 

1 100.0 

I 2 .<X)A.M. 

' 95 0 

1 .00 P,M. 

i 89.0 

2.00 P.M. 

81.8 

3,00 P.M. 

75-2 

4.00 P.M. 

1 68.2 

5.00 P.M. 

1 59-5 

Series No. 6. — Containing 0 085 

Gram Uranium Sulphate in 

100 cc OF Solution 

Time of titration 

, MillimoU of acid present per liter 

8.45 A.M. 

100. 0 

9-45 A.M. 

95-2 

10.45 A.M. 

91.4 

11,45 A.M. 

87.3 

12.45 P-M. 

82.5 

I . 15 P.M. 

80.2 


The curves for the sulphate solutions, Fig. 3, show 
the same regularity in rate of decomposition as previously 
found with the nitrate of uranium. The more uranium pres- 
ent the faster is the decomposition. 



The final series of measurements was made with ura 
niiirn acetate as the catalyzer, the amounts used being varied 
as before. 
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Series No. 7. — Containing 0.422 Uranium Acetate in ioo cc 

OR Solution 


Time of titration 

MilHmols of acid present per liter 

8.15 a.m. 

100.0 

9.15 a.m. 

90.0 

10. 15 a.m. 

77.0 

II . 15 a.m. 

69.8 

12.15 P M. 

590 

I. 15 P.M. 1 

j 485 

2. 15 P.M. 

I 38.9 


Series No. 8. — Containing 0.084 Gram of Uranium Acetate in 

IOO cc OF Solution 


Time of titration Millimola of acid present per liter 


II.OOA.M. loo.o 

12.00 M. 96.0 

i.ooP.M. 93 o 

2.CK)P.M. 89.8 

3.00 P.M. 84.9 

4.00 P.M. 78.5 

5.00 P.M. 72.6 


Series No. 9. — Containing 0.211 Gram of Uranium Acetate in 

IOO cc OF Solution 

Time of titration Mtllimols of acid present per liter 


10 45 A.M. 

100.0 

1 I .45 A.M. 

90.5 

12.45 P.M. 

81.8 

1,45 P.M. 

73-0 

2.45 P.M. 

65.0 

3 *45 P M. 

57.5 

4.45 PM. 

1 46.8 


The decomposition of the oxalic acid with uranium ace- 
tate as the catalyzer proceeds regularly, as with the other 
salts of uranium. Other radio-active salts should be tried 
to ascertain whether this property is limited to uranium 
compounds, or whether it is common to those possessing 
radio-activity. It may be that the rays given off from the 
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uranium, throw the molecules into an unstable (^dition, 
which favors their decomp>osition by the light waves. 
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Fig. 4 


From the experiments described in this paper it is con- 
cluded that: 

1 . The rate of decomposition of a solution by ultra-violet 
light is dependent upon the amount of light photochemically 
absorbed. 

2. The rate of decomposition of the oxalic solutions in 
the presence of the catalytic uranium salts varies directly 
with the amount of uranium salt used. 

3. The salts potassium permanganate and potassium bi- 
chromate are very stable toward ultra-violet light. 

4. Sodium sulphite solutions do not oxidize (autoxida- 
tion) when air is kept away from them, even under the in- 
fluence of ultra-violet light, but the oxidation in air is greatly 
accelerated by such light. 

5. Possibly other radio-active elements might behave 
siimlarly to uranium in its accelerating action on the decom- 
position of oxalic acid. 

University of Wisconsin 




STUDIES ON CEULUUOSE 


BY EDWARD G. PARKER 

The Statement is made in text-books that cellulose is 
distinguishable by its non-reactivity to ordinary reagents. 
Methods of analysis start upon this assumption, removing the 
non-celluloses by more or less drastic means, leaving the 
basal fiber or cellulose itself untouched. 

The portions which are removed are either hydrolyzed 
or oxidized, thus being rendered soluble. Excepting the ele- 
mentary analysis of cellulose, there is in no method a complete 
reaction. Since hydrolysis and oxidation are not separate 
and distinct actions each due to definite reagents, but are 
rather parallel and coexisting with nearly all reagents used, 
it seems better to divide analytical methods for the deter- 
mination of cellulose into 

A. Those depending upon acids. 

B. Those depending upon bases. 

The general reactions involve oxidation and solution where 
acids are employed, hydrolysis and solution where bases are 
used. The normal cellulose is least subject to those influences 
and remains as a fairly inert residue. It is, however, un- 
doubtedly attacked to a certain extent, being converted, at 
least superficially, into oxy- and hydrocellulose, as shown: 
chemically by reaction with Fehling’s solution (the CO group 
of oxycellulose), and the fixation of basic aniline dyes (methyl- 
ene blue) ; physically by a change from long fiber with definite 
microscopic characteristics, to a more or less finely divided 
powder and short brittle fiber, depending upon the extent 
of the attack. 

Under (A) there are mainly the methods of Schulze* 
(nitric acid and KCIO, at 15° for 12 to 14 days); Muller* (bro- 
mine in diffused daylight at 20° for 2 to 3 days); Cross and 

‘ Chem. Zentralblatt, 321 (1857). 

^ Die Pflanzenfascr, 27, 28. 
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Bevan* and modification of Dean and Tower* (chlorine). 

These are based upon the main fact of oxidation and ulti- 
mate breaking down of the cellulose molecule completely. 
It therefore becomes a matter of choice, where any of them is 
to stop, and where the measure of the reaction is to be taken. 
This is especially true of methods depending upon the halo- 
gens, which invariably give lower results than those depend- 
ing on the action of alkalies which follow, and upon which 
this work is based. 

Under (B) we have mainly the methods, of: Lange* 
(water and alkali, fusion at i8o°); Honig* (glycerine at no®); 
Gabriel* (glycerine and alkali; a combination of Honig and 
Lange methods); and the Weender process* or crude fiber 
method, which is most widely used, for the determination of 
fiber in plants and foodstuffs. It depends primarily upon 
the alternate action of dilute alkali (KOH) and dilute acid 
(H,SO,). 

It is perfectly true that all methods for the isolation 
of normal cellulose are more or less arbitrary, and even slight 
deviations from procedure, in time, concentration, or tem- 
perature will affect materially the results obtained. It is 
evident, nevertheless, that the nearer we approach pure 
cellulose the slower the reaction becomes, leading us to be- 
lieve that it is the non- and lignocellulosic constituents which 
give reactions their impetus and that when pure cellulose 
is reached a considerable period of time may elapse before 
the attack is recommenced. 

We propose to show this in our work, by means of a 
modification of Lange’s^ method. Lange’s original method 
is as follows : 


* Cross and Bevan: Cellulose, 95. 

* Jour. Chem. Soc., 29, 1119 (1907). 

* Zeit. physiol. Chem., 14, 217 (1989). 

♦ Chem. Ztg., 14, 868, 902 (1890). 

• Zeit. physiol. Chem., 16, 270 (1891). 

• Holdefieiss: Landwirtschaftl. Jahrbtichcr, SuppL, Band 103 (1887). 
^ Zeit. physiol. Chem., 14, 283 (1889); 16, 270 (1891). 
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**Ten grams of the original substance are placed in a large, 
deep, tubulated retort with 3-4 times its weight of pure 
KOH, and about 30-40 cc of HjO. This is then closed with 
a glass stopper, and heated in an oil bath. The temperature 
is measured by a thermometer placed in the bath, the bulb 
being on a level with the bottom of the retort. At about 140°, 
■with considerable foaming, boiling begins. The temperature 
then rises little by little to about 180°. The heating is con- 
tinued for about one hour. The foaming is then finished, 
and the mass falls together in the retort, then melts and 
finally dries. End of reaction. The retort is now taken from 
bath, the contents, after cooling to about 80° C, are taken 
up with hot water and washed carefully, first with repeated 
washings with hot w'ater, and, finally, into a beaker wdth cold 
water. After cooling, the solution is acidified w 4 th dilute 
HjSO^, whereupon immediately a thick flocculent precipitate 
is formed consisting of small particles of cellulose, which had 
remained suspended in the strong alkali. Upon acidifica- 
tion the cellulose is precipitated out quantitatively. The 
contents of the beaker are now made slightly alkaline by the 
careful addition of NaOH, so that all the precipitated sub- 
stance with the exception of the cellulose goes again into solu- 
tion. The solution is now filtered w'ith strong suction, through 
a sieve-like, fine -perforated, platinum cone. The residue left 
on the filter is washed first with hot and then with cold water, 
taken from the filter, and digested with alcohol, again filtered, 
and washed with ether, and finally dried and weighed. By 
ignition of the residue and subtraction of the weight of the 
product obtained, the pure cellulose content is obtained.” 
In a later modification Lange' substituted a porcelain cruci- 
ble 65 cm high for the retort and a centrifugal for suction, 
thus cutting down the time of operation from six to two and 
one-half hours. 

This method has given widely varying results in the hands 
of different investigators, and, while it may give comparable 

Zeit. angew. Chcm., xg, 561 (1895). 
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results on different substances, slight variations of condi- 
tions (temperature and time), when used on the same sub- 
stance, affect the results obtained to a considerable extent. 

In Table I are some of the results obtained by J. J. 
Frank (of this University) with the method of Lange on pure 
cotton (Red Cross surgeon’s absorbent cotton) : 


Table I. — 5 Grams Cotton and 20 Grams KOH 


Time 

Temp. 

H,0 

Yield 

Hours 

Grams 

Percent 

1 

180° 

100 

92.80 

1 


< ( 

92.84 

1 

i8o°-2IO° 

< < 

83.80 

I 

180° 

40 

91.40 

I 

(( 

1 K 

82.00 

1 

ii 

tt 

88.20 

0-5 

210® 

100 

91 . 80 

I 

i < 

1 

ti 

\ 

67.80 

I 

! (( 

1 

i ( 

67.00 

4-5 

180° 

n 

43 32 

4-5 

<< 

n 

42.60 


These results do not meet the broadest analytical require- 
ments and the method as such is apparently useless. The 
fault obviously lies in the fact that the concentration of caus- 
tic potash varies within wide limits, due to the fact that water 
is being driven off continually. Now if the concentration 
is kept constant, there is no reason why this method should 
not give results, and this work was carried on by modifying 
Lange’s method in this respect. This was done by means 
of a reflux condenser connected to the vessel in which the 
action takes place. 

Pure absorbent (surgeon’s) cotton was used entirely 
in this work, and the method is as follows : 

o. 5-2 .0 grams of the sample were weighed out, the mois- 
ture content being previously obtained from a separate sam- 
ple, and placed in a 500 cc round-bottom flask (Jena glass). 
50 cc of KOH solution were then added, the flask connected 
with a reflux condenser, and heated in a paraffin bath to the 
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desired temperature. The temperature of the bath was 
ttd^en in each case, and was regulated by the height of the 
flame used; i3o®-i4o° was the highest temperature of the 
bath which was used on long runs, due to serious bumping 
at higher temperature. The bath was maintained at that 
temperature for the time desired. The flask was then allowed 
to cool to about 7o°-8o°, and the contents washed into a 
beaker with distilled water. The cotton wool (which can be 
gathered together on a glass rod) was then washed with 
water and removed to a Gooch crucible, where it was washed 
thoroughly with dilute acid, dilute alkali, water, alcohol and 
ether. The residue was then dried in a water oven to con- 
stant weight. 

Serious bumping took place at first, even at i30°-i40°, 
which was overcome, first, by weighing the sample out in as 
compact a mass as possible, and, secondly, by means of a long 
glass rod extending down through the condenser to the bottom 
of the flask and resting on the sample near the center. This 
causes the steam evolved to pass up around the outside of the 
sample instead of being confined under it and thereby caus- 
ing the bumping. 

At the outset a 20 percent KOH solution was used in 
each case, and the time varied from one to 166 hours, the tem- 
perature of the bath with a few exceptions, being constant 
at 1 30°- 1 40°. Moisture was previously determined on a 
separate sample of cotton and found to be, ( i ) 3.21 percent, 
(2) 3.34 percent. All results are calculated to air-dry condi- 
tions, so that a yield of about 96 . 7 percent means pure cellu- 
lose containing 3 . 3 percent water. 

On inspection of the results obtained (Table II) it is seen 
that there is an appreciable drop in the percentage yield for 
the first 15 hours, but that after that the yield remains 
practically constant as far as investigated. 

Normal cellulose is the basis of fibrous materials gener- 
ally. Various modifications of it, oxy-, hydro- and ligno- 
cellulose, are associated with and give it chemical activity. 
All methods of determining fibre content of a substance are 
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Tablb II 


Time 

Hours 

Bsth 

temp. 

KOH 

Grama 

H ,0 

Grams 

Yield 

Peroeart 

1 

170°-! 80® 

10 

50 

96.66 

' . 

i70®-i8o° 

10 

50 

96.13 


r30®-i40® 

10 

50 

96.03 

2 

I 70 °-i 8 o° 

to 

50 

95-92 


I 70 °-i 8 o® 

10 

50 

96.06 

3 

170®-! 80° 

10 

50 

9580 


170®-! 80® 

10 

50 

95-78 

4 

i7o°-i8o® 

10 

50 

95-42 


I30®-I40® 

10 

50 

95-48 

6 

i7o°-i8o® 

10 

50 

94.92 


I30°-I40® 

10 

50 

95.00 

8 

170®-! 80° 

10 

50 

94-50 


I30°-I40° 

10 

50 

94.00 


130 “-140® 

10 

40 

94 - 10 

12 

I70°-i8o® 

10 

50 

93 *60 


r30°-i40® 

10 

50 

93 • 2a 

15 

i30®-i40® 

10 

50 

1 92.70 


I30°-I40® 

10 

50 

I 92.60 

i8 

r30°-i40® 

10 

50 

92 . 60 

20 

i30°-i40° 

10 

50 

92.64 

24- 25 

i30°-i40° 

10 

50 

92.70 

37 

i30°-i40° 

10 

50 

92.40 

48 

i30®-i40® 

10 

50 

92.02 

72 

i30°-i40® 

10 

50 

92.80 

92 

r30®-i40° 

10 

50 

92.80 

lOO 

0^ 

0 

if 

0 

10 

50 

92.54 

L 140 

i30°-i40® 

10 

50 

92.60 

166.5 

I30®-140° 

10 

50 

91 .80 


based upon the premise that at the end of a certain time the- 
ration is to be made to stop, and the result at that point 
determined. If the reaction proceeds beyond that point the 
results are no longer comparable. On the other hand, the 
action of caustic potash appears to be divided into two definite 
stages: 

I. The period of first attack in Which the supoficial oxy- 
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and hydrocelluloses are dissolved (first 15 hours for concen- 
tratioa of KOH used). 

2. The period in which the caustic potash is in contact 
with normal cellulose is without appreciable action so far as 
diange in weight is concerned. It is in this period of constant 
we%fat that the true cellulose content may be arrived at. 

Next a 10 percent KOH solution was used in each case 
and the time varied from i to 84 hours. The temperature 
of bath was kept constant at i30®-i4o“. 


Table HI 


Time 

Bath 

KOH j 

H ,0 

Yield 

Hoars 

temp. 

Grams | 

Grams 

Percent 

I 

130^-140® 

5 i 

50 

95 30 

3 

I30®-I40® 

5 i 

50 

94.20 

6 

130°-I40° 

5 ! 

50 

92.42 

15 

133^-140^ 

5 ! 

50 

92.50 

47 

i30°-i40® 

; 5 i 

50 

92 . 30 

47 

130^-140° 

i 5 : 

50 

92.40 

60 

i30°-i40° 

,5 i 

50 

92.40 

84 - 5 

130^-140° 

! 5 ' 

50 

1 92.64 


On inspection of the results obtained (Table III), it is 
seen that there is an appreciable drop in the percentage 
yield for the first 4 or 5 hours; but that after that the yield 
remains practically constant as far as investigated. 

It is seen that in each case (20 percent and 10 percent 
KOH) the percentage yield drops practically to the same 
value, and then remains constant, the value for the 10 percent 
KOH being very slightly below that of the 20 percent KOH. 
But, however, contrary to what might be expected, the drop 
to this constant value is much quicker in the case of the 10 
percent KOH, than in that of the 20 percent KOH. 

In view of this fact, the time was next kept constant (3 
hours), and the concentration of KOH solution was varied 
from a 20 percent solution to a i percent solution. 
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Table IV 


Time 

Honn 

Bath 

temp. 

KOH 

Grams 

HaO 

Grams i 

Yield 

Perceat 

3 

i3o'‘-i40° 

10 

50 

95-80 

3 

130^-140® 

5 

. 50 

94.20 

3 

I30®-I40° 

3-5 1 

50 

93 38 

3 

130^-140® 

1-25 I 

50 

92.90 

3 

130°~140° 

0.50 , 

50 

93.00 

3 

I30°~i40° 

0.50 1 

50 

92 . 70 


Pure water was found to be without appreciable action 
on cotton, what action there was, being due probably to im- 
purities in the glass used. * 

On inspection of the results obtained (Table IV), it is 
seen that by decreasing the concentration of the KOH, the 
percentage yield decreases with a certain degree of regularity 
as far as investigated. 

An explanation of this may lie in the fact that the water 
is the important factor in the action, the non-celluloses being 
carried into suspension in the presence of the KOH. In the 
short runs no appreciable coloration of the solution is noticed, 
while in the long runs considerable coloration is noticed, this 
coloration pointing to the probability that decomposition 
has taken place, although the percentage yield is approxi- 
mately the same in the short as in the long runs. This obser- 
vation tends to bear out the explanation offered, the KOH 
reacting with the non-celluloses after they have been carried 
into suspension. Also there may be some dependence on 
the fact that the evolution of steam takes place at a much 
greater rate in the diluted solution, therefore an increased 
movement of entire contents of flask. 

It is, of course, well known that cotton cellulose is soluble 
in cuprammonium (Schweitzer’s reagent), from which it may 
be precipitated by acids or salts. In view of what was done 
with cotton — indicating that if was from 92-93 percent 
normal cellulose — it was desired to get at the changes, if any, 
involved in the solution of it. There was no reason to sup- 
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nose that reprecipitated cotton would show any marked 
changes towa^rd alkali, if it were chemically the samfe. If not 
chemically the same it was hoped to show this in the yield 
after solution. 

A strong cuprammonium solution was made up (copper 
hydroxide was precipitated from a solution of CuSO^, to which 
was added NH^Cl). The blue precipitated Cu(OH)j5 was then 
filtered, and dried by means of filter cloth. It was then 
finally dissolved in NH^OH (sp. gr. 0.92). Cotton wool was 
dissolved (apparently) in this solution and after standing, 
for varied periods of time, was precipitated by means of 
HjSO^. The precipitated substance was then filtered, washed 
thoroughly, and dried in a water oven, the dried substance 
being then ground in a mortar to a fine powder, and treated 
in a similar way to the cotton wool. 

The dried substance was ground fine so that it would re- 
main partially in suspension in the KOH solution, thereby 
alleviating the bumping, usually caused by the gathering of 
the substance in the bottom of the flask. 

In some cases the solution was filtered before precipita- 
tion with acid, by means of asbestos in a Buchner funnel. It 
was thought that, perhaps by filling the pores of the filter up 
by consecutive filtering of the same solution, a partial separa- 
tion of cotton which might be in suspension, and cotton which 
was in true solution, might be effected. 


Table V. — Cotton Wool reprecipitated from Schweitzer’s. 
Reagent, without Filtering. Temp, of Bath, i 3 o°-i 4 o°; 

5 Grams KOH per 50 Grams HjO. 


! 

Precipitated from Schweitzer’s 

! 

i; Time 

Digestion with KOH at 
constant volume. 

reagent 

I'i Hoars 

Yield 

After 0 hours 

1 .4 

Percent 

80.32 

« 0 « 

! 6 

76.36 

<< . u 

4 

6. 

32.04 

15 

6 

42 52 

jg « 

6 

31.21 

24 " 

6 

1545 
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Cotton Wool rbprscipitatbd from Schweitzer’s Reachcnt, 
WITH Filtering. Temperature of Bath, i3o°-i4o°; 5 
Grams KOH per 50 Grams Water. 


Precipitated from Schweitzer’s 
reagent 

Time 

Hours 

Digestion with KOH at 
constant volnme. 
Yield 

Percent 

After 5 hours 

24 

19-95 

« 6 « 

6 

29.47 

« 13 “ 

24 

30.72 

" 15 “ 

6 1 

31.98 

“ 15 “ 

6 1 

i 52 -95 

“ 18 “ 

6 

I 26.95 

“ 30-5“ 

24 ; 

24 . 66 

“ 45 “ 

6 

36.19 


From the results obtained (Table V) it is shown that 
cotton reprecipitated from Schweitzer’s reagent is not the 
same as before, in regard to its action towards KOH. Other 
than this no conclusions can be drawn, since the results ob- 
tained show very clearly that some other condition or condi- 
tions must be regulated before anything definite can be con- 
cluded. 

A sample of oxycellulose was prepared (HCl -f KCIO, 
in dilate solution at boiling point for one hour), and treated 
similarly to the reprecipitated cotton wool. 


Time 

Bath 1 

KOH 

HjO 

Yield 

Hours 

temp. 

Grams 

Grams 

Percent 

6 hours 

130°--I40® 

5 

50 

30.22 


This result shows that the substance obtained by the 
action of HCl -f- KCIO, on cotton wool (presumably oxycellu- 
lose) is not the same as cotton wool in regard to its action 
with KOH. 

Whether cotton cellulose in contact with Schweitzer’s 
reagent in the open air is converted into oxycellulose, the 
amount depending upon the time of contact, cannot be said, 
but, from Ae work done, indications point in this direction. 
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The general results of this paper are : 

1. The fusion method of Lange as originally proposed 
does not give sufficiently concordant results to be generally 
useful 

2. Slight variations of time, temperature and concentra- 
tion of reagents in all other methods so far proposed are ac- 
countable for variations of cellulose yield, and therefore none 
of the methods are a true measure of normal non-reactive 
cellulose, but merely arbitrary approximations. 

3. By use of a constant volume of KOH solution at a 
temperature of i30°-i40®, after a certain interval of time, de- 
pending upon the cone, of the KOH solution, a constant 
yield of presumably normal cellulose is obtained from ab- 
sorbent cotton. By this modification of the fusion method 
of Lange a criterion for normal cellulose in cotton wool is 
arrived at. 

4. By varying the concentration of the KOH solution 
the time required to reach this constant yield is varied, the 
more dilute solution requiring the shorter time w’ithin the 
limits studied. 

5. Further experiments will be necessary before one can 
tell whether this method is applicable to other forms of cellu- 
lose than the one studied. 

6. Cotton, reprecipitated from Schweitzer’s reagent, is 
changed so that it reacts more readily with caustic potash. 
The results are very irregular, showing that further study of 
the reaction is necessary. 

7. Surgeon’s cotton contains approximately 92-93 per- 
cent normal cellulose, 4-5 percent of cellulose, etc., soluble 
in KOH, and 3.25 per cent moisture. 

This investigation was suggested by Professor Bancroft 
and was carried on under his supervision. 

Cornell University 



THE PRODUCTION OF PHOTOCHEMlCAtLY ACTIVE 
■ RAYS IN ORDINARY CHEMICAL REACTIONS* 

, BY J. HOWARD MATHEWS AND LEON H. DEWEY 

From time to time for a number of years announcements 
have appeared stating the discovery of new “rays” having 
their origin in ordinary chemical reactions. In the attempt 
to prove the existence of such rays a great number of experi-. 
ments have been made. Many reactions which were thought 
to have been productive of such rays have been proven to 
be ordinary chemical reactions, the gaseous products of which 
produced the supposed phenomena. 

The latest addition to the literature on this subject ap- 
pears in the form of an article by Matuschek and Ueming* 
in the Chemiker Zeitung. A brief r4sum^ of their article 
is as follows : 

A beaker containing zinc and hydrochloric acid was 
placed on a photgraphic plate in a light-tight case, a tin-foil 
star being interposed between the beaker and plate. After 
several hours of “exposure” a distinct image of the star was 
obtained upon development of the plate. The best results 
were said to have been found when ribbed (fluted) pieces of 
zinc were used. Similar results were obtained with hydro- 
chloric and nitric acids acting on copper, tin and lead. The 
inten^ty of the new “rays” was found to vary considerably. 
Copper hydroxide, copper oxide, and potassium hydroxide 
also gave the photographically active “rays” when dissolved 
in acids. Other reactions producing the “rays” were; the 
slaking of lime, the setting of Portland cement, the decomposi- 
tion of calcium by water and the formation of ammonium 
amalgam. The reaction producing the strongest “rays” 
was that between dilute hydrochloric acid and sodium sili- 
cate, which gave a distinct image in less than an hour’s time. 

* A paper read before the Eighth International Congress of Applied Chem- 
istry in New York, September, 1912. 

* Chem. Zeit., 36, 21 (1912). 
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It was our object to verify, if possible, the results ob- 
tained by these investigators. A number of the above men- 
tioned reactions — as many as the limited time allowed — 
were tried. 

A light-tight wooden box, 18'' X 12" X 12" in size, was 
lined with black paper and the edges padded with black cloth. 
The plates used were the well known Lumi^re Sigma plates, 
these particular plates being chosen because of their extreme 
sensitiveness. All the manipulations were carried out in a 
dark room, the plates being developed in darkness. 

A plate was placed in the box and a beaker or Erlenmeyer 
flask containing the metal was placed upon it, a piece of tin- 
foil being interposed between the beaker (or flask) and the 
plate. The acid was introduced by means of a separatory 
funnel which passed out through a light-tight joint in the 
cover of the box. When a beaker was used the gaseous prod- 
ucts of the reaction were not conducted away, but remained 
in the box where they could come into contact with the plate. 
When the Erlenmeyer flask was used, however, the gaseous 
products were conducted away through a delivery tube ex- 
tending out of the box, so that by no possibility could the 
gases come into contact with the plate. 

EXPERIMENT I 

(a) Action of Dilute (1:8) Hydrochloric Acid on Zinc, in a 

Beaker 

Here there was no attempt to conduct the gaseous prod- 
ucts of the reaction away. Instead of interposing a tin-foil 
star between beaker and plate, a circular piece of foil, having 
a circular hole in the center, was used. The diameter of the 
piece of foil was slightly greater than the diameter of the 
beaker. After the reaction had been going for an hour or 
two the plate was removed and developed and an image of the 
piece of foil appeared, that portion of the plate protected by 
the foil not being reduced by the developer. However, not 
only was the plate unaffected beneath the foil but that por- 
tion under the hole in the center was also unaffected. 
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(b) Action of Dilate Hydrochloric Acid on Zinc, in an 
Erlenmeyer Flask 

In this experiment the same reaction was repeated, but 
the hydrogen formed in the reaction was conducted away, 
and upon development the plate showed no sign whatever 
of reduction. 

(0) Plate Protected by Glass 

Experiment (o) was repeated, except that a clean sheet 
of glass the same size of the plate was placed upon the emul- 
sion and the two plates securely fastened together with 
strips of adhesive cloth, making it impossible for gases to come 
into contact with the emulsion. The beaker was placed upon 
the plate, with the tin-foil interposed. After twenty-four 
hours’ exposure to the reaction the plate showed no signs of 
reduction upon development. 

EXPERIMENT II 

(o) and (b) of Experiment I were repeated, using dilute 
nitric instead of hydrochloric acid. In both cases the results 
obtained were the same as in the previous experiment. 

The fact that no reduction was apparent when the gas- 
eous products of the reactions were conducted away led to 
the following experiment : 

EXPERIMENT III 

In this experiment the action of hydrogen gas on the 
photographic plate was tried. For this purpose an ordinary 
hydrogen generator was fitted up and the gas was allowed to 
impinge upon a photographic plate from a glass tube drawn 
out to a very fine jet. Upon development the plate was 
found to be reduced wherever the hydrogen had come into 
contact with it. Using the hydrogen jet for a pen one can 
write upon the plate by allowing the gas to impinge upon the 
plate, the writing remaining invisible until development 
has taken place. 

From these experiments it seems certain that the effects 
noted by Matuschek and Ueming were due to the gaseous 
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products of the teacdons employed. In our first experiment 
no image of the circular hole in the foil appeared because the 
pressure of the beaker prevented the gas from reaching this 
pmtion of the plate. 

EXPERIMENT IV 

In this experiment the action of dilute hydrochloric 
acid upon sodium silicate was tried. To 25 cc of a solution of 
sodium silicate contained in a small beaker standing on a 
plate dilute hydrochloric acid was added. No reduction of 
the plate could be detected after development, although the 
reaction was continued for a considerable time. 

EXPERIMENT V 

(a) Water on Calcium Carbide, in a Beaker 

Upon exposure to this reaction for twenty-four hours the 
plate, where not protected by the foil, was plainly reduced. 

(b) Water upon Calcium Carbide, in a Flask 

The same reaction was repeated, but in this case the 
gaseous products of the reaction were carried away. The 
plate showed no reduction upon development. 

EXPERIMENT VI 

The Setting of Portland Cement 

A sample of ordinary Portland cement was mixed with 
water and poured into a paste-board ring affixed to a glass 
plate. This plate was then laid upon a photographic platf 
in the dark and the cement allowed to set. Although the ex- 
periment was continued for forty-eight hours no indication 
of any reduction could be detected upon development. Had 
any gas capable of reducing the plate been given off during 
the process of setting, it could not have affected the plate 
because the emulsion was protected by the glass plate in 
contact with it. 

EXPERIMENT VII, 

The Slaking of Lime 

Time was caused to slake slowly by the frequent addi- 
tion of small amounts of water. The operation was conducted 
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ia a beaker staadibg! & photographic plate. Alter forty' 
eight hours the plate ^wed no indication of reduction upcm 
de^lopment 

FrOTn the results of the foregoing experiments we are 
led to conclude that the reduction of photographic plates ob- 
served by Matuschek and Ueming was due, not to any new 
kind of “rays,” but to the natural gaseous products of tiiie re- 
actions employed. This is substantiated by the fact that 
th^ was no reduction in any case where the gaseous products 
of the reaction were conducted away from the plate, and 
by the fact that when certain of the gaseous products (viz., 
hydrogen) were brought into contact with the plate a reduc- 
tion resulted. 

University of Wtscormn 



PRELIMINARY STUDIES ON DIRECT PHOTOGRAPHIC 

POSITIVES* 

BY G. A. PBRLEY AND ALAN LEIGHTON 

During the experiment on solarization phenomena con- 
ducted by one of us* the reversal of the negative photographic 
image by thiocarbamides was considered. 

Colonel Waterhouse* found that a positive image resulted 
in place of the normal negative during some experiments 
made early in July with an eikonogen developer to which a 
little phenylthiocarbamide had been added. He obtained 
more or less complete positive pictures not only with the 
phenyl compound, but also with allyl-thiocarbamide. Thio- 
carbamide yielded still less regular results, while urea failed 
to give any sort of a reversal. 

The results obtained by Colonel Waterhouse left much 
to be desired in clearness. 

After many trials during the first experiments on solar- 
ization a more or less satisfactory positive was obtained by 
adding a small amount of a thiocarbamide to a hydroquinone 
developer. The work was conducted during the warm 
summer months. 

By means of a preliminary immersion of the plates in 
the thiocarbamide solution, and w'ashing in running water 
for a short time, fairly consistent positives were obtained for 
exposures a little below the normal. Such results seemed to 
warrant a theory of sensitizing action. 

As the previous work had not created a really practical 
method for the production of direct positives, it seemed ad- 
visable to clear up the weak points. It was evident that a 
detailed study of conditions was essential for a clear under- 
standing of the process. 

* A paper read before the Eighth International Congress of Applied Chem- 
istry in New York, September, 1912. 

*Perlcy: Jour. Phys. Chem., 13, 630 (1909), 

* Waterhouse: Proc. Asiatic Soc. of Bengal, Aug., 1B90. 
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At first a the following compositiioa was 

mjMle: 

Solntioa A 

1 ,000 grams- water 

126 grams NsjSO, (anhyd.) 

21 grams hydroquinone 

The thiocarbamide was made according to the method 
of Remolds.* Ammonium thiocyanate was heated in a 
round-bottom flask at a temperature of 140® to 180® C for 
five hours. The remaining thiocyanate was extracted with 
cold water. The thiocarbamide was dissolved in hot water, 
evaporated and recrystallized. A standard solution of i 
gram of thiocarbamide in one liter of water was employed. 

In the early spring work was undertaken to duplicate 
former results. The developer consisted of 20 cc of the thio- 
carbamide solution, 25 cc of Solution A, and 25 cc of Solution 
B. 

A positive of a brownish purple color was obtained on 
plates exposed under a standard lantern-slide plate. In many 
cases only a partial reversal resulted. 

Much time was expended in varying the different con- 
stituents of the developer until a fairly satisfactory positive 
was obtained. These results are of no importance in the light 
of our recent work and accordingly may be omitted. 

Just as the results seemed to be capable of duplication 
the warm spring days approached. With this balmy weather 
some sort of a spring ailment afflicted the developer. None 
of the much prized previous results could be duplicated. 

The first explanation was that of depreciation of the thio- 
carbamide solution. The solution of thiocarbamide was ti- 
trated from day to day with standard permanganate, and the 
solution was found to remain quite stable. Newly prepared 
solutions failed to eliminate the trouble. 

In order to ventilate the dsirk rocnn jMroperly during the 

* Reynolds: Jour. Cbem. Soc., 22, 1 (1869). 


Solution B 

1 ,000 grams water 
126 grams Na,COj (anhyd.) 
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wanner weaker it was necessary to open the windows. At 
this point it became possible to produce positives of fair 
quality. The solution of our former troubles became clear. 
The reactions were exceedingly affected by temperature 
changes. 

As the previous data seemed to be worthless in the light 
of this last fortunate discovery, and as the reactions involved 
seemed to attain almost a quantitative aspect, a new source 
of attack was formulated. 

Every variable involved was placed under quantitative 
control. Separate standard solutions of each of the con- 
stituents of the developer were made, and all other factors 
were standardized. 

The 5X7 camera employed was made by the Eastman 
Kodak Co. and equipped with a Cooke anastigmat lens. 
Series III f/6.5, made by Bausch & Lomb. 

A standard photograph was located 19 inches from the 
lens of the camera and illuminated by means of a Cooper- 
Hewitt mercury arc lamp whose center was 22 inches above 
the photograph. All photographs were taken with the 
widest stop (f/6.5). 

The following standard solutions were employed: 

Thiocarbamide, i gram jjer liter 

Hydroquinone, 2 1 grams per liter 

NajCOj (anhyd.), 126 grams per liter 

Na.SO, (anhyd.), 126 grams per liter 

Each of these solutions was measured from a standard 
burette. A burette stand was located in the dark room in 
such a manner that the four burettes were compact, yet easily 
accessible. The water was measured by means of a pipette. 

Considering that the source of illumination and actinic 
value of the light w'as maintained constant by the above 
precautions, and that a plate of the same emulsion, was em- 
ployed, we recognized the following variables; time of ex- 
posure, temperature of development, time of development, 
size of plate, amount of thiocarbamide, hydroquinone, 
sodium carbonate, sodium sulphite and water. A total of 
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tune ytiiiables faaid.to be considned before the perfect cdn-. 
ditioss could be understood. 

Ibe plafies ^ployed in this work were purchased at 
dtfferait times, but the Seed 26 X plate was always used. 

Bach one of the constituents was measured into a glass 
tray and the whole developer was thoroughly mixed before 
immersing the plate. The developer was used for one ex- 
periment and then discarded. 

Using the concentrations that had previously given the 
best results the data of Table I were obtained : 


Table I 


Size of plate 6Vs sq. in. 

Exposure in seconds, 8. 

Time of development, 5 minutes. 

Composition of developer: 0.020 gram thiocarbamide ; 
grams hydroquinone; 1.512 grams NajSO,; 0.504 
Na,CO,; 85 grams H, 0 . 


No. 


Temperature of developer 


Remarks 


1 I 8° C 

2 ' 10° C 

3 ; 12- c 

4 14" C 

5 16° C 

61 18° C 


Thin negative 
Thin negative 
Best positive 
Fogged positive 
Heavy fog 
Heavy fog 


0.273 

gram 


The results of Table I show that only one temperature 
can be employed for the particular concentration of developer 
used. The temperature was controlled by inserting the 
tray of previously cooled developer into a mixture of ice and 
water maintained at the desired temperature. 

A difference of two degrees Centigrade from the best 
conditions yielded an absolutely worthless plate. 

The influence of temperature on this reaction is enormous. 
This undoubtedly explains the reason for the better success 
attained previously by a preliminary immersion in running 
water. During the hot months this served to cool the de- 
veloper to the essential temperature conditions. 
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In view of these data all future work was conducted at 
1,2® C during development. 

The results of Table II were obtained by varying the con- 
tent of thiocarbamide. 


Table II ^ 

Size of plate, 6’/, sq. in. 

, Exposure in seconds, 8. 

Temperature of developer, 12° C. 

Time of development, 5 minutes. 

Composition of developer: 0.273 gram hydroquinone; i .512 grams 
Na,SOj; 0,504 gram NajCOa; 85 grams H, 0 . 


No. 

1 Gram thiocarbamide 

Remarks 

1 

i ■ 

1 0 oc)6 

Thin negative 


! 

0 ck)8 

^Partial positive; high 

2 


) lights negative 

2 

! 

i Partial positive : high 

0 

t 1 i i j 1 V 1 

1 lights negative 

4 

' 0 014 

Fogged positive 

5 

, 0 018 

Heavy fog 

6 

j 0 . 020 

Best positive 

7 

' 0 022 

Thin positive 

8 

0 024 

Thin positive 

9 

• 0.026 

Thin positive 

10 

, 030 

Thin positive 

1 1 

: 0.032 i 

Thin positive 

12 

: 0 034 1 

Thin positive 

13 

0.036 

Thin positive 

14 

0 . 040 1 

No image 

It was 

evident that at 12° 

C the best amount of thio- 


carbamide was 0.02 grams when used with 85 grams of w'ater, 
0 273 gram hydroquinone, 1.512 grams NajSO,, and 0.504 
gram NajCO,. This, of course, is not essentially the best 
developer. 

This work brought forth a few interesting points. Only 
a very small amount of thiocarbamide (0.003 gram per sq. 
in. of plate surface) is required to produce a positive. Its 
action with high concentrations is limited by the influence it 
has as a solvent for the emulsion. In other words, a partial 
positive results with insufficient thiocarbamide; with a trifle 
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:ki the reactkm is so rapid that a faadljr f(^ged plate 

tmtlts; and with still greater amounts, a thin positive with 
less fog is produced. Above a certain cmicentratimi there 
is only a solvent action. 

It was interesting to note that for the lower concentra- 
tiotts a fairly dense reddish brown deposit was produced, 
while just beyond the zone of complete fogging (0.02 gram) 
■& brownish purple deposit made up the positive image. The 
two coIots were absolutely different. 

The next variable studied was the hydroquinone and the 
•data are given in Table III. 


Table III 


Size of plate, 6V3 sq. in. 

Exposure in seconds, 8. 

Temperature of developer, 12° C. 

Time of development, 5 minutes. 

Composition of developer: 0.020 gram thiocarbamide; 1.512 
grams NajSOg; 0.504 gram NajCO*; 85 grams H, 0 . 


No. I Grams hydroquinone 


1 ! 0.126 

2 ! 0.184 

3 ' 0.210 

4 0.252 

5 0.273 

6 i o 294 

.7 ' 0.336 

8 0.357 

9 9-420 

Table III show's that there 
row range for the variation of 
good results may be produced. 


Remarks 

Heavy fog 
Heavy fog 
Heavy fog 
Best positive 
More dense positive 
Thin positive 
Thin positive 
Partial negative 
Partial negative 

is only a comparatively nar- 
hydroquinone within which 


The action may be best understood by a description of 
the progress of development. In all cases where a more or 
less good positive results there first appears a very faint nega- 
tive on the plate. This develops as a rule after one and a half 
minutes' immersion; after approximately three minutes, the 
negative appears to fade into a positive which attains its 
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best contrasts after a total of five minutes’ development. 
The production is a very thin negative, and seems to be essential 
to the making of a good positive. 

The r6le of the hydroquinone would seem to be in the pro- 
duction of just the minimum negative to render a positive. 
Too small amounts would not yield a negative. Hence, there 
would be a uniform development over the whole surface. This 
«xplains the fog. Too large .amounts would yield such a 
dense negative (provided the exposure was sufficient) that it 
would injure the positive effect. 

The very thin negative that seemed essential for the suc- 
cess of the positive creates a thin fog in the high lights of the 
very best positives. 

The amount of sodium carbonate was next varied and the 
results are given in Table IV. 

Table IV 

Size of plate, 6*/, sq. in. 

Exposure in seconds, 8. 

Temperature of developer, 12® C. 

Time of development, 5 minutes. 

Composition of developer : o . 020 gram thiocarbamide; 0.252 gram 
hydroquinone; 1.5 12 grams Na,SO,; 85 grams H,0. 


No. j Grams Na,CO| 

1 j o 

2 I 0.126 

3 : o 252 

4 i 0.378 

5 0.504 

6 o . 630 

7 0.756 

8 0.882 

9 I • 134 

10 1.386 

11 I . 764 


Remarks 

Blank 

Very thin negative 
Thin negative 
Best positive 
Fair positive 
Very fair positive 
(Dense positive; high 
( lights negative 
^ Dense positive; high 
\ lights negative 
(Dense positive; high lights 
( negative 
Dense partial negative 
Dense partial negative 


Table IV gave results consistent with Table III, With 
increase of carbonate there is of course an increase in the 
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density ol tiie’ negative produced per unit time. For exces* 
sive amotmts of carbonate there would then be a negative 
masking a positive. The data show one interesting point, 
there is, off hand, no reason why No. 2 should not have pro- 
-duced the best positive, as the thinnest negative (with no trace 
of a positive) resulted with this concentration. This result 
would seem to indicate that a certain amount of carbonate 
is essential in the production of a positive. 

The sodium sulphite was next varied and the results are 
given in Table V. 

Table V 

Size of plate, 67 ., sq. in. 

Exposure in seconds, 8. 

Tenij)erature of developer, 12° C. 

Time of development, 5 minutes. 

Composition of developer: 0.020 gram thiocarbamide ; 0.252 
gram hydroquinone; 0.378 gram Na^COg; 85 grams HjO. 


I I 

No. , Grams Na,SO, { Remarks 


I 

1 

1 0 

I Fogged negative 

2 

: 0.378 

J Partial positive; high 
j 1 lights negative 

3 

i 

1 0 , 630 

1 

1 Partial positive; high 
{ / lights negative 

4 

! 1 008 

, Fair positive 

5 

I 260 

! More dense positive 

6 

1 1.386 

i Dense ]X)sitive 

7 

1.512 

1 Very dense positive 

8 

! J-638 

; Less dense positive 

9 

I . 890 

1 Best positive 

10 

2.520 

1 Less dense positive 

1 1 

2.772 

! Thin positive 


With increase of sulphite there seems to be a maximum 
in the density of the positive. An increase in concentration 
of sulphite limits the quality of the positive by a seemingly 
restraining or solvent action. Since the density of the posi- 
tive passes through a maximum, it is possible to obtain good 
tesults with two different concentrations of sulphite (1.008 
grams and 1.890 grams), yet 1.890 grams is the preferable 
since there is a minimum of darkening in the high lights. The 
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data of No. i show that a certain amount of sulphite is neces- 
sary for the production of a positive. 

The results of Tables I, II, III, IV and V indicated that 
with an exposure of 8 sec., and a development to 12° C, a 
developer for a plate with 6*/, sq. in. of surface area con- 
sisting of 0.02 gram thiocarbamide, 0.252 gram hydroqui- 
none, 0.378 gram sodium carbonate, and i . 890 grams sodium 
sulphite in 85 grams of water was the best. At any rate, 
consistent results could be obtained. 

There are a few criticisms on the positive produced, even 
under the most ideal conditions. First, each plate has a thin 
light brown fog just beneath its surface. The fog does not 
appear in the slightest by transmitted light, yet upon reflected 
light it becomes very evident. This only detracts from the 
appearance of the plate and not from its use. ^condly, the 
production of a good positive requires a thin, yet distinct nega- 
tive. The reduced silver yields in the high lights a very thin 
fog, while the shadows overmask the negative by the dense 
positive deposit. The negative is so thin that it does not ap- 
pear when the plate is used as a lantern slide. Thirdly, the 
deposits do not have the characteristic black color, but are 
nearly purple. It is an interesting fact that, after fixing 
and washing, the deposit is of a beautiful sepia tone, while 
after drying it has a purple hue. 

Since the attempt to eliminate the negative by variation 
of carbonate or hydroquinone was a failure, the time of ex- 
posure was varied as a last resort. The results as given in 
Table VI were obtained. 

Table VI shows that with too great an exposure the 
negative develops more rapidly than the positive. For too 
short exposures there seems to be a uniform surface develop- 
ment. For exposures below six seconds there seems to be 
an insufficient latent image formed to facilitate the develop- 
ment of a contrasting and dense positive. Thus the data of 
Table VI are consistent with those of Tables III and IV. 
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Table VI 

Size of plate, 6*/g sq. in. 

Temperature of developer, 12® C. 

Time of development, 5 minutes. 

Composition of developer: 0.020 gram thiocarbamide; 0.252' 
gram hydroquinone; 1 .890 grams NagSOg; 0.378 gram Na^CO,; 
85 grams HjO. 



Exposure ia seconds 


Remarks 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 


2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1 

13 


Thinly fogged positive 
Thinly fogged positive 
More dense positive 
Fair positive 
Good positive 
Best positive 
Fair positive 
Fair positive 
Partial negative 
Nearly all negative 
Negative 


All of the variables had been considered with the excep- 
tion of the water content. Table I gave indications that 
there might be a possibility of varying the total concentra- 
tion of the active agent and thereby to alter the rate of re- 
action. The results of this work are given in Table VII. 

Table VII 

Size of plate, 6V3 sq. in. 

Exposure in seconds, 8. 

Temperature of development, 1 2 ° C. 

Time of development, 5 minutes. 

Composition of developer: o 020 gram thiocarbamide; 0.252 
gram hydroquinone; 1.890 grams Na2S08; o 378 gram NajCOg. 


No. j 

Grams HoO j 

Remarks 

1 

I ; 

51 1 

Thin negative 

2 ! 

68 i 

Thin negative 

3 

77 ; 

Thin negative 

4 

81 1 

Fair positive 

^ i 

85 ; 

Best positive 


81-5 ! 

Thinner positive 

1 

7 ! 

91 1 

Heavily fogged positive 

8 i 

lOI 1 

Fog 
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Table VII shows that only within a narrow range of 
total concentration can any sort of a positive result. With a 
high concentration the latent image is developed the more 
rapidly and the thiocarbamide exerts a solvent action. With 
greater dilution, the rate of development of the whole surface 
becomes uniform with the resultant formation of a fog. 

In order to obtain a qualitative idea concerning the ef- 
fect of plate surface on the process, an exposed plate of the 
normal size was developed under the best conditions. A 
second exposed plate was immersed in the same developer. 
A very badly fogged positive resulted. It thus seemed essen- 
tial to express the concentration of the developer in plate sur- 
face units. 

Table VII indicated a method of applying the process at 
room temperature and accordingly the results of Table \'III 
were obtained. 

TAUtE VIII 

Size of plate, 6”/ 3 sq, in. 

Exposure in seconds, 6. 

Temperature of developer, 18*^. 

Time of development, 5 minutes. 

Composition of developer: o 020 gram thiocarbamide; o 252 
gram hydrocpiinone; 1 890 grams Na.,S()j,; o 378 gram XasCOg. 


No. (trains H.O 


Remarks 


J 


3 

4 


41 Very thin positive 

5 1 Best positive 

5 b Dense and fogged positive 

0 1 Fog 


The work showed that it is possible to obtain a positive 
at room temperature, yet the water content must be regula- 
ted with great c^re. 

During the work at 12° C a universal thin haze seemed to 
appear on all of the plates with the exception of one box. 
One box of the Seed 26 X plates gave a very sharp con- 
trasting positive. At the time, this was considered purely a 
manipulative error. At 18® C this haze increased slightly 
in density. 
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In order to check up the influence of the emulsion on our 
results a 3*/^ X 4 lantern slide plate made by the Imperial 
Dry Plate Co. was exposed under the same conditions as in the 
previous work. The developer consisted of 0.0030 gram thio- 
carbamide, 0.0387 gram hydroquinone, 0.2907 gram Na^SO,, 
0 0775 gram NajCO, and 7.8461 grams HjO per square inch 
of plate surface. An exceedingly fine positive resulted, yet 
with the characteristic minor faults. With a Seed 26 X plate 
of the same size and developed under the same conditions 
the thin fog was visible. Thus, much depends' on the emul- 
sion when perfect results are sought. 

This work must be considered as a preliminary study 
of the process. All indications point to the possibility of 
producing a direct positive of fine quality. 

Experiments are already proceeding with a view to sub- 
stituting such developing agents as p3rrogallol, eikonogen, 
metol, glycine, pyrocatechin, amidol, rodinal, etc., for the 
hydroquinone. 

The results, to date, indicate that the reducing agent af- 
fects the color of the resulting deposit. Eikonogen was found 
to yield far less fog, no visible negative after fixing, and almost 
a black deposit. The results on this are very incomplete. 

There is also the possibility of substituting allyl thio- 
carbamide, phenyl thiocarbamide, and, in fact, all of the 
thiocarbamides in place of straight thiocarbamide. The re- 
sults will be greatly different from our present series. A 
small amount of work on the allyl thiocarbamide has shown 
possibilities. In place of the purple deposit consistently ob- 
tained by use of thiocarbamide, a most beautiful red deposit 
results. If it were not for the reddish fog, the present results 
would yield a plate almost unequalled by hand painting for 
use as a transparency. The results on this are incomplete. 

A later paper on the theory of this process will attempt 
to clear the problem. Instead of using some thiocarbamide or 
derivative it should be possible to find some substance that 
will eliminate the present unpleasant fog. 

Other possible sources of attack are in the addition of 
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some type of a restrainer which will restrain the negative and 
leave the positive unaffected. A small amount of potassium 
bromide was found to restrain the positive more rapidly than 
the negative. As yet some chloride, citric acid, etc., have 
not been tried as restrainers. 

If the present thin negative and brownish fog formation 
can be restrained, a perfect plate may be produced at room 
temperatutre. 

The work is still under investigation. 

To summarize: 

1. The work was attempted in order to produce con- 
sistently direct positives of good quality. 

2. The production of a positive by the Waterhouse 
process is most easily influenced by alteration of the condi- 
tions governing the reaction. 

3. The variables considered in this preliminary . study 
were; time of exposure, temperature of development, time of 
development, size of plate, amount of thiocarbamide, amount 
of hydroquinone, amount of sodium carbonate, amount of 
sodium sulphite and amount of water. Under the conditions 
the same emulsion was employed and the source of illumina- 
tion and actinic value of the light was maintained constant. 

*4. The temperature during development must be care- 
fully regulated. Utilizing a given concentration, the tempera- 
ture cannot be varied more than one degree centigrade. 

5. The quantity of the developer utilized governs the re- 
sultant positive. It is best expressed in plate surface units. 

6. By exposing a plate in a camera to an object illumina- 
ted by a Cooper- Hewitt mercury arc light at a given distance, 
a positive w’as obtained after 5 minutes’ development in the 
following solution maintained at 12° C: 0.0030 gram thio- 
carbamide, 0.0378 gram hydroquinone, 0.2837 gram NajSO,, 
O' 0567 gram Na,CO, and 12.7627 grams water per square 
inch of plate surface. 

7. An excess of any constituent which favors an increase 
in the development of the latent image yields a partial nega- 
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tive (or a masked positive). An insufficient amount produces 
uniform development and a resultant fog. 

8. An excess of thiocarbamide acts as a solvent for the 
emulsion. An insufficiency does not visibly affect the thin 
negative resulting from normal development. 

9. No single constituent can be omitted from the above 
developer to obtain good results. 

10. At 12® C a small quantity of water (high concentra- 
tion) causes the thiocarbamide to exert its solvent action. 
A large quantity of water (low concentration) retards the de- 
velopment of the latent image with the production of a fog. 

11. Under the same conditions as in 6, at 18° C, an ex- 
ceedingly good positive can be obtained on a lantern slide 
plate with 0.0030 gram thiocarbamide, 0.0387 gram hydro- 
quinone, 0.2907 gram Na^SOj,, 0.075 gram Na^CO,, and 
7.8461 grams water per square inch of plate surface. 

12. Work is being conducted on the substitution of 
eikonogen, metol, pyrogallol, amidol, glycine, rodinal, pyro- 
catechin, etc., for hydroquinone. Allyl thiocarbamide pro- 
duces red deposits, while thiocarbamide yields bluish tones. 
The derivatives are under investigation. 

13. A suitable restrainer for the yellow fog and thin nega- 
tive would yield great improvements. 

14. The contrast and clearness of the final deposit de- 
pend much upon the emulsion on the plate. 

15. The only sources of dissatisfaction with the present 
positive are; first, the bluish color of the deposit; secondly, 
the necessity of a preliminary appearance of a thin negative; 
thirdly, the appearance by reflected light of a yellowish fog. 

New Hampshire College 
Durham^ N. H, 



A SIMPLE INEXPENSIVE CALORIMETER FOR 
DETERMINING THE HEAT OF SOLUTION 
AND OF NEUTRALIZATION 



BY ERNEST ANDERSON AND H. A. NOYES 


The apparatus consists of a wide-mouth Dewar bulb of 


about 450 cc capacity.' This is 
closed by a rubber stopjier with 
two holes. Through one hole 
passes a Beckmann thermometer, 
and through the other, as an in- 
let to the stirrer, passes a glass 
tube three inches long, e.xtend- 
ing just Inside the stopper. Both 
the thermometer and the tube 
should fit tightly. The stirrer is 
a glass spatula, with a blade ap- 
proximately two inches long and 
one-half inch wide, to the handle 
of which is sealed a glass rod 
tw'elve inches long. The shaft of 
the stirrer is passed through the 
glass tube in the stopper which 
acts as one bearing. Then a 
small w'ooden pulley is fastened 
on the shaft, and above the pulley 
a second piece of glass tubing as 
a second bearing for the shaft. 
The apparatus is fastened to an 
iron ring stand and driven by a 
water or an electric motor (Fig. i ) . 

To determine the w’ater 
equivalent of the calorimeter, 200 
cc of water at about 8° above 



the room temperature is put in 


Fig. I 


* We used aJwde-mouthyXhennos” bottle with aluminium case. 
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the calorimeter. The stirrer is started and the Beckmann 
thermometer is read each minute. As soon as the drop 
in temperatmre becomes constant, the temperature is read 
and 200 cc of water at room temperature is quickly poured 
into the calorimeter. The temperature of this water must 
be read on a Beckmann thermometer which has been 
compared with the one in the calorimeter. The water is 
stirred vigorously and the temperature drops in two minutes 
to its lowest point, and then begins to fall very slowly. If 
a and b are the weights of the hot and the cold water, these 
can be obtained from the temperature and the volume — 
c and d the changes in the temperature of the hot and the cold 
water and x the water equivalent of the calorimeter; we have 

(a + x)c — bd, or X = — a. 

c 

To determine the heats of solution and of neutralization, 
the directions of any standard text on physical chemistry 
are used. 

The following table contains a list of the values ob- 
tained with the calorimeter, no special precautions or correc- 
tions being observed ; 



r" ' 

i ‘ 

1 

2 

1 3 

1 

; Av. 

Usual value 

Water equiva- 
lent 

I 

! 12 4 gs- 

10.7 gs. 

1 1 . 6 gs. 

' 

1 1 

“ 5 gs- 


Heat of solution 
of KNO, 

1 

— 8300 

— 8290 

—8320 

—8303 

— 8500 

Heat of solution 
of NH,C 1 

i 

1 

—3877 

—3843 1 

1 

—3860 

—3880 

Heat of neut. of 
Ba(OH), 
by HCl 

13.977 

13.984 

1 

i 

13.932 

13.964 

+13.850 


When the calorimeter contains 400 cc of water at room 
temperature and the stirrer is running vigorously, there is a 
rise in temperature of less than 0.001° per minute. When 
the temperature of the water is 9° above or below room tem- 
perature the loss or gain in temperature is o.oi “ per minute. 
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The accuracy of the calorimeter could be increased by 
using the larger size Dewar bulb or quart “Thermos” bottle 
and by converting it into an adiabatic calorimeter according 
to the method of Richards.* 

The calorimeter has given satisfaction in the hands of 
students, the purpose for which it was designed. 

Deparimeni of Chemtsiry 
Massachusetts Agricultural College 

* Jour. Am, Chem. Soc., 32, 272-274 (1910). 



THE VALENCE OF CHLORINE AS DETERMINED FROM 
THE MOLECULAR COHESION OF CHLORINE 
COMPOUNDS 

BY albert P. MATHEWS 

Since molecular cohesion is a function of the molecular 
weight and the number of valences in the molecule/ we may 
use the cohesion for the purpose of determining the valence 
of elements; and in this paper I shall consider chlorine, although 
something will be said, also, about the other halogens. 

It is generally believed, at the present time, that the 
valence of chlorine is not fixed, but varies in different com- 
pounds from one to seven. In its organic, and some inor- 
ganic compounds, and in its elemental form it is generally 
represented as univalent; whereas in the chlorates it is sup- 
posed to be penta valent; and in the perchlorates it is hepta- 
valent. 

That chlorine even in such compounds as chloroform, 
where it replaces univalent hydrogen, may not be imivalent 
is indicated by the action of chlorine compounds on light. 
Drude,* reasoning that it must be the valence electrons of 
compounds which would have a period of vibration sufficiently 
long to respond to light waves, w'orked out a modification 
of the Ketteler-Helniholtz dispersion formula which enabled 
an approximate computation of the number of electrons in- 
fluencing dispersion in the molecule. He found that in 
many cases this number was close to the total mtmber of 
valences in the molecule; but in the case of compounds con- 
taining chlorine and fluorine, the number of such light-re- 
fracting valences was always greater than in the correspond- 
ing hydrogen compounds, and he inferred from this that 

^ Mathews : “The Relation of the Constant *‘a” of van dcr Waals’ Equa- 
tion to the Molecular Weight and the Number of Valences in the Molecule, 
Jour. Phys. Chem., 17, 181 (1913). 

* Drude: “Optische Eigenschaften und Elektronen Thcorie,’’ Annalen der 
Physik, [4], 14, 677 (1904). 
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these elements must be polyvalent, and not monovalent, as 
they were usually supposed to be. This conclusion of Drude’s 
was confirmed by Pascal^ both by the dispersion method of 
computing valence and by a study of the diamagnetic proper- 
ties of halogen compounds, the diamagnetic properties having 
been shown to be related to. the number of valences in the 
molecule. Pascal concluded that fluorine, in organic com- 
pounds at any rate, was univalent; but chlorine and the other 
halogens were polyvalent, and probably chlorine was tri- 
valent. Traube,“ in a study of the relationship between the 
molecular refraction of compounds and the number of their 
valences, found that for most compounds the molecular re- 
fraction of Briihl divided by the number of valences in the 
molecule was a constant, or nearly such, in all saturated com- 
pounds; but in the case of molecules containing the halogens 
it was necessary to ascribe several valences to the halogens 
to obtain this constant. He attributed seven valences to 
chlorine, and had to make still other assumptions for bromine 
and iodine to bring them into line. 

Several chemists, also, have in the past ascribed several 
valences to chlorine. Thus Meklola^ wrote the formula of 

CH \ 

methylether hydrochloride, in the form 

with chlorine trivalent; Nef^ represented elemental chlorine 
as trivalent, but combined chlorine generally as monovalent; 
and recently Thiele" has especially emphasized the reserve, 
or extra, valences of iodine and bromine, although, as a rule, 
he represents chlorine as univalent. Even in sodium chlor- 
ide it is not certain that the chlorine is univalent, since it is 

^ Pascal : ‘'RcchOrches niag^i<f*U>-chiuiiqucs sur la structure atomiquc dcs 
halogcncs,*’ Comptes reiidus, 152,862 (1911); “Sur un mode dc controlc optique 
des analyses magn^'lo chimiquc.s,” Ibid., 152, 1852 (1911)- 

* Traubc: “Valency, Lichtbrcchung u. volume, “ Ber. chem. Ges. Berlin, 
40, 130 (1907). 

* Mcldola: I have mislaid this reference and have not been able to find it 

again. 

* Nef: Liebig’s Ann., 298, 205 (1897). 

® Thiele and Peter: Ber. chem. Ges. Berlin, 38, 2842 (1905). 
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known that sodium chloride will add iodine, presumably by 
the extra vaknces of the chlorine.* 

Hiere is good ground, therefore, for doubting whether 
chlorine is ever monovalent. This question can be tested 
easily by the cohesion method. 

Before proceeding to the actual computations it must 
be decided whether the cohesion method detects only valences 
actually employed in binding atoms together, or stretching 
between the atoms; or whether it detects in addition the re- 
serve valences; and also valences which do not extend to 
atoms, but which are open, in an active form, and ready to 
combine if the opportunity arises. It is clear from my former 
paper that concealed, polarized, resting or reserved valences 
do not play any part in cohesion; or, at any rate, they are not 
to be counted in the number of valences affecting the cohesion. 
Thus oxygen has certainly two reserve valences which are 
usually in an inactive or resting state. In many compounds 
examined, not more than two valences could be attributed 
to the oxygen as affecting its cohesion. These two reserve 
valences played no r6le as long as they were inactive. Sim- 
ilarly, nitrogen has the power of opening up at least seven 
valences, but it was actually found that only one, two or 
three valences played a r61e in the cohesion of the nitrogen 
compounds, depending on how many active valences the atom 
had.. The reserve, or inactive, valences played no part. 
Carbon is usually quadrivalent, but it is suspected of having 
the power of becoming hexa valent; but the number of valences 
active in carbon compounds was always two, or four. If 
these reserve valences of carbon exist they do not affect 
cohesion. Sulphur, too, although it may be hexavalent, has 
only four of its valences playing a part in the cohesion of sulphur 
dioxide; the two reserve valences are inactive on the cohesion. 

It is clear, then, that the cohesion does not detect, and 
consequently it is not affected by, those reserve valences 
which are polarized, or resting, or, which are, as it were, 
like antennae, withdrawn or folded, within the atom. 


^ Sec Friend* '*Thc Theory of Valency,*’ London, 1909, pp. 58 et seq. 
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But valences may conceivably exist in an active state 
not stretching between atoms, but extending outward from 
the atom and in a condition to unite with other atoms. These 
are active valences. For example, we may expect the va- 
lences on the atoms of a dissociated, monovalent gas to be 
in this condition. Such atoms would naturally be very ac- 
tive chemically and we should expect the cohesion of such 
particles to be affected by this condition. There are many 
evidences that this is actually the case and that valences of 
this kind are detected by cohesion and will be included in 
the number of valences computed from the cohesion as ex- 
isting in the molecule. This is well shown in the argon group, 
which I shall discuss later, in which it appears that there are 
two such active valences in argon, krypton, and probably 
xenon. It appears to be the case, too, in unoxidized sulphur 
compounds such as ethyl sulphide, as I shall show in a subse- 
quent paper. And there is evidence elsewhere that these 
open or active valences affect cohesion, although they do not 
stretch between the atoms of the same molecule. It is, then, 
active valences, and valences actually employed in binding 
together the atoms of the molecule, which affect molecular 
cohesion. It is only the number of such valences which the 
cohesion enables us to compute, and it is, of course, exactly 
for this reason that the method has so great a value. 

We may then be certain that if we find the valence of 
chlorine to be three and the compounds are not associating, 
those three valences are not free, but are actually extending 
between atoms in the molecule, and if we wish an accurate 
graphic formula of the compound we must represent these ties. 

The method of measuring the number of valences is to 
compute the number from “a” of van der Waals' equation, 
or from what I have called the square of the cohesive mass, 
or M^K, a factor which is equal to “o’ ’, divided by the square 
of the number of molecules in the volume of fluid for which 
“o” has been taken. The method of computing M^K is 
given in the previous paper. The formula employed is 
M’K = 2.98 X (Mol. Wt. X Valences)*"^’. Or: Number 
of Valences = X 6.147 X io‘V(Mol. Wt.). 



Tabls I. — ^Thborbticai, and Computed Number op Valences in Chlorine Compounds 
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To show how closely these compounds yield the con- 
stant “c,” where c = M*K/(Mol. Wt. X Valences)’^'’, Table 
II is appended. “C” was found in a previous paper to be 
about 2.98 X io~" for other than chlorine compounds. 
Chlorine is throughout considered as trivalent. , 

Table II. — “C” Calculated for Chlorine Compounds. Cl Con- 
sidered Trivalent Except in Hydrochloric Acid and 
Propyl Chloride 


Remarks 



Substance 

Formula 

Va- 

lance 

1 

C X I0»^; 

J 

Carbon tetrachloride 

CCl, 

16 

3 03 ! 

2 

Stannic tetrachloride 

SnCb 

16 

2.91 j 

3 

Germanium tetrachlor- 




ide 

GeCl, 

16 

2.78 ! 

4 

Silicon tetrachloride 

SiCb 

16 

2.86 ' 

5 

Chloroform 

CHCls 

14 

2.90 1 

6 

Methyl chloride 

CH,C1 

10 

2.97 : 

7 

Chlorine 

C4 

6 

2.96 

8 

Ethyl chloride | 

CjHsCl 

16 

3.06 1 

9 

Ethylene chloride | 

C,H.C4 

18 

3 15 ; 

TO 

Ethylidene chloride 1 

C,H,C1, 

18 

3.02 

11 

Chlorbenzene ! 

C,H,C1 

32 , 

2,98 ’ 

12 

Thiosulfuryl chloride | 

S,C1, i 

18 : 

3 23 , 

13 

Acetyl chloride 

CH3COCI i 

16 1 

3 08 , 

14 

Chlorethyl formate ' 

CsH^ClO, 

24 , 

2.96 

15 

Chloral 

CCI3CHO , 

20 j 

2.67 

16 

Thionyl chloride 

vSOClj ; 

14 : 

309 

17 

Sulfuryl chloride 

SOjCl, i 

i 

14 ! 

2.97 

18 

Propyl chloride 

CjH^Cl 

1 

21 

2 *93 : 

19 

Phosphorus trichloride 

PCI, 

16 1 

3 03 

20 

Phosphorus oxychloride 

POCl, i 

18 

2.99 

21 

Hydrochloric acid i 

HCl 

2 ' 

3 24 


All 4 chlorines 
trivalent 


Mean (omitting HCl, and CCljCHO), 


Some associa- 
tion 

Slight associa- 
tion 


Slight associa- 
tion (sulphur 
hexavalent) 
Sulphur quad- 
rivalent 


Association (?) 
2.99 


The answer to the question whether chlorine is trivalent 
or monovalent is given in no indecisive manner by the method 



The Valence of Chlorine 


259 


of determining the valence from the cohesion, as is shown in 
columns 5 and 6 of Table I. With three possible exceptions, 
chlorine is seen to be everywhere trivalent. The possible ex- 
ceptions are hydrochloric acid, propyl chloride and one of 
the chlorine atoms in germanium tetrachloride. In the first, 
association renders the valence of the chlorine somewhat 
doubtful; in other words, here also chlorine may be trivalent. 
In the second, propyl chloride, the critical data may be wrong. 
They were determined in 1886 by Vincent and Chappuis, 
and the other determinations by these authors give generally 
a value for “a” slightly lower than is to be expected. It is 
not impossible, therefore, that a redetermination of the crit- 
ical data for this substance will make M®K sufficiently high 
to make the chlorine trivalent. For the third substance, 
germanium tetrachloride, I can find but one determination 
of the critical data in 1887. It is not unlikely, therefore, that 
the data will need some revision. This method of deter- 
mining the valence of chlorine confirms, therefore, the con- 
clu.sions of Pascal, based on the study of the dispersion and 
the magnetic properties, that chlorine is polyvalent, and, 
further, this method shows it to be beyond doubt generally 
trivalent. 

Moreover, since nearly all these compounds are normal 
and not associating, the valences of the chlorine are shown to 
be not resting, or in reserve, and not dissociated active val- 
ences, but actually extending between the atoms of the 
molecule. I have indicated in column 8 of Table I, some 
possible structural formulae showing how these valences may 
be extending in the molecule. Where there are two or more 
chlorine atoms in the molecule, no serious reconstruction of 
the graphic formulae is required, since the extra valences may 
be pictured as reaching between the chlorine atoms; but where 
there is an odd number of chlorine atoms in the molecule, 
or where there is but a single one, then a fundamental change 
must occur in the graphic formula. For example, in ethyl 
and methyl chlorides, the formula must be WTitten as I have 
indicated, with the chlorine joining the carbon by two bonds 
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and with one hydrogen united to the chlorine. I do not wish 
to lay stress on this point until by a careful determination 
of the critical data the number of valences in the molecule 
shall have been exactly determined, but it may be pointed 
out that, if methyl chloride be written as : 

H. 

>c=a— H, 

H/ 


the reason why it decomposes into metliylene and hydrochloric 
acid appears at a glance, since such a double bond is always 
a source of weakness; and similarly with ethyl chloride, which 
would be in reality ethylidene chlorhydrate, decomposing into 
ethylidene and hydrochloric acid. One can also more easily 
understand in this way the decomposition of chloroform 
into dichloro-methylene and hydrochloric acid, as the for- 
mula 



C Cl— H 


Cl 


shows. Phosgen will ari.se from the dichlorniethylene uniting 
with oxygen. 

The evidence, then, from such various sources as the be- 
havior toward light, the diamagnetic properties and cohesion 
is unanimous that chlorine is polyvalent and not monovalent; 
many of the chemical and physiological properties of chlorine 
compounds are also more easily understood on the hypothesis 
of its tri valency. We may, therefore, conclude that in all 
these compounds chlorine is tri valent. 

The question which must now be settled is no longer 
whether chlorine is trivalent, but whether it is ever mono- 
valent. It is certainly trivalent in most of these compounds 
in which it was supposed to be monovaleiit; it is trivalent even 
in its elemental state. It remains to be seen whether it is 
ever monovalent. In hydrochloric acid it would appear to 
be monovalent; but it is exactly here that association takes 
place. Is it without significance that exactly that compound 
associates which has but one of the valences of the chlorine 



The Valence oj Chlorine 


261 

satisfied by another monovalent atom? Is it not rather more 
probable that this is the cause of its association, the other 
two valences bein.c[ not clovsed, but out and active? The com- 
putation actually shows that the chlorine is here also tri- 
valent. I know of no means of telling whether it is mono- 
valent or trivalent in sodium chloride. But it is not impos- 
sible that sodium chloride itself is a highly associated sub- 
stance. Furthermore, its power of adding iodine indicates 
that the chlorine may be trivalent. Friend also states that 
sodium chloride may be Na - - Cl -^Cl — Xa. 

Concerning the valence of the other halogens, the facts 
are loo scanty and the data too unreliable to draw a conclu- 
sion from the cohesion, except perhaps in the case of elemental 
bromine, which appears to be univalent. The critical data 
of brombenzene and iodobenzene were not directly deter- 
mined by Young, but computed from the temperature, pres- 
sure and density curves. I do not believe that they are en- 
tirely trustworthy, since the number of valences found in the 
molecule is too small even if these halogens are considered 
monovalent, unless the carbon be here trivalent, and this 
does not seem possible. T. and \\ of ethyl iodide, I corn- 
j)uted from Ramsay and vShields’ surface-tension determina- 
tions, and this computation is not very accurate. Hence I 
do not attach much weight to the cohesional evidence of the 
valence of any of these compounds of bromine and iodine. 
There are no indications, however, that they are poljrvalent. 
That they are polyvalent is, however, indicated from their 
action on light, their diamagnetic properties and many of 
their chemical properties. Inasmuch, however, as the re- 
fraction method is not very satisfactory for determining 
valence, the question of the valence of these substances must 
be left open, with the probability that they will be found to be 
f)oly valent like chlorine.’ 

’ Tht* fact that bromine is monovalent in its elemental state may account 
for its relative inertness and is eonfirmed by its diSvSocia tiori at high tempera- 
tures, when the atcmis have been shown to have but one active valence. Sec 
Kriend: '‘The Theory of Valence,” 190Q, p. 18. 
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Fluorine is apparently monovalent in fluorbenzene, 
since even with fluorine monovalent the number of valences 
computed from the cohesion is still too small. For this I 
can give no reason since the critical data of this substance 
seem to be accurately known. In methyl fluoride the total 
valences are computed as 9, whereas there should be 10 if 
fluorine is trivalent and 8 if it is monovalent. Pascal found 
fluorine to be monovalent by the magnetic and optical method; 
but Drude, from the optical behavior of calcium fluoride, be- 
lieved it to be polyvalent. The critical data of more fluorine 
compounds must be accurately determined before the cohe- 
sional method can determine the valence of fluorine. The 
chemical behavior of hydrogen fluoride leaves no doubt that 
in it fluorine is polyvalent. 

There is still another interesting conclusion from this 
study : it appears that all substances, and only those substances, 
associate, which are found by this method to contain active, 
free valences. I believe we may here have the explanation 
of the cause of association; and possibly the reason w'hy as- 
sociating substances dissolve in other associating liquids 
and are there normal, but as this is a separate problem in 
itself, I shall hope to return to it later. 

Summary and Conclusion 

1. If the valence of chlorine be determined by the co- 
hesional method it is found to be trivalent in its elemental 
state and in nearly all the compounds examined. The three 
valences of the chlorine in these compounds are not reserve 
valences, but are all in action and extending between the 
atoms of the molecule. Clraphic formulae have been suggested 
based on this fact. 

2. This result is in harmony with the determination of 
the valence of chlorine by the diamagnetic and refraction 
method. 

3. The valence of fluorine is more doubtful, but appears 
to be unity in fluorbenzene. Bromine has unity valence in 
its elemental form. The valence of iodine and bromine in 
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their compounds cannot be definitely determined from their 
cohesion on account of the inadequacy of the critical data. 

4. The cohesional method detects two kinds of valences, 
namely, valences actually extending between the atoms 
and active in binding the atoms together; and valences active 
or open, which are in a position to unite, but to which no 
atoms are attached. Reserved, or resting, valences play no 
part as valences in molecular cohesion. 

Vnivvrnly of Chicago 



CONDUCTIVITY MAXIMA IN GLYCERINE 

BY STEWART J. LLOYD 

Absolute maxima of conductivity in aqueous solutions 
have long been known. Kohlrausch and Holbom* give nu- 
merous instances of such maxima with acids, bases, and salts, 
including lithium chloride, zinc chloride, magnesium sul- 
phate, sodium acetate, potassium sulphide, hydrochloric, 
nitric, sulphuric and formic acids, potassium, sodium, and 
ammonium hydroxides. In fact, nearly all highly soluble 
salts, except those of the alkalis with strong acids, and a few' 
like silver nitrate, appear to give maxima. The writer has not 
noticed, however, any record of such phenomena being ob- 
served w’ith organic solvents. While studying at different 
temperatures the electrolytic deposition of zinc from con- 
centrated solutions of its chloride in glycerine, maxima were 
observed and a short study of them made. 

Despite the high solubility of zinc chloride in glycerine 
the fused anhydrous salt dissolves very slowdy until the leni 
perature is raised w'ell above ioo°. At 150° the salt appears 
to dissolve indefinitely, but the gradual decompo.sition of 
the glycerine in .solutions held at that temperature precluded 
any attempt to determine the solubility more closely. Upon 
cooling concentrated solutions made at temperatures above 
100° they solidified always to a jelly-like paste. 

Measurements of the conductivity of solutions of differ- 
ent strengths were made at three temperatures, 50°, 100°, 
and 150°. An ordinary conductivity cell was used. At the 
temperatures in (piestion very little trouble was experienced 
from air bubbles in the liquid. 

The most concentrated solution used contained per cc 
0.2941 gram of zinc, corresponding to 0.6131 gram zinc chlor- 
ide. 

The following table contains the results of the conduc- 
tivity measurements : 

^ Leitvermogen dcr Klectrolytc, page 145, 1898 edition. 
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Zinc per cc 

i 150“ ; 

i Resistance in ! 

100® 

Resistance in 

50° 

Resistance in 

Gram 

i ohms 

! 1 

ohms 

ohms 

0.2941 

i ' i 

' 34 4 

206 

5600 

0.2000 

; 37 

153 

2350 

0. 1470 

’ 39 4 , 

^ 34-4 

1326. I 

0. 1130 

1 2 ; 

133 

i05o 

0.0735 

57 3 ! 

150.8 

1035.2 

0.0367 

70 

2 (X> 

1301 . 2 


From the accompanying curves the position of the max- 
ima at the different temperatures will be fairly apparent. 



^ ^ lO a a 26 30 

Kig. I 


Evidently the concentration giving the maximum conduc- 
tivity at 150° had not been reached. At 100° the content of 
zinc for maximum conductivity is in the neighborhood of 
0.13 gram per cc, corresponding to a zinc chloride content 
of 0.271 gram. At 50° the maximum corresponds to a zinc 




266 Stewart J. Lloyd 

content of about 0.09 gram, or a zinc chloride content of 
o. 188 gram per cc. 



. Fig. 2 

Jones and Schmidt’ have drawn attention to the remark- 
ably high temperature coefficients of conductivity in fairly 
dilute glycerine solutions of lithium bromide, cobalt chloride, 
and potassium iodide, and point out the close relationship 
between fluidity and conductivity in such solutions. The 
above solutions likewise show high temperature coefficients, 
as may easily be seen from the data, and the parallelism 
between conductivity and viscosity is very apparent, espe- 
cially in the case of the most concentrated solution. At 50° 
it was practically .solid, with a correspondingly high resist- 
ance. 

No attempts appear to have been made to determine 


Am. Chem. Jour., 42, 88 (1909). 
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just what conditions must obtain in order to bring about 
such maxima in aqueous solutions; whether they are due to 
the increasing viscosity just balancing the increase in the num- 
ber of ions caused by the addition of more solute; to the addi- 
tion of more solute failing to increase at all the number of 
ions already present; to the virtual change of solvent due to 
the addition of so much solute; or to a combination of these 
and perhaps other causes. In the present case it appears 
highly probable that the rapid increase in viscosity is the im- 
portant factor, a view which is being subjected at present to 
quantitative examination in this laboratory. 

I University of Alabama 
Jattuarr, 
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The Mechanistic Conception of Life. By Jacques Loeb, 15 X cm; 
227 pp. Chicago: The University of Chicago Press, jpi2 . — ^In the preface the 
author says: 

*‘The essays contained in this volume were written on different occasions, 
mostly in response to requests for a popular presentation of the results of the 
author’s in'i^estigations. The title of the volume characterizes their general 
tendency as an attempt to analyze life from a purely physico-chemical view- 
point.*’ 

The essays are entitled : The Mechanistic Conception of Life ; The Signifi- 
cance of Tropisms for Psychology; Some Fundamental Facts and Conceptions 
concerning the Comparative Physiology of the Central Nervous System; Pattern 
Adaptation of Fishes and the Mechanism of Vision; on Some Facts and Principles 
of Physiological Morphology; On the Nature of the Process of Fertilization; 
On the Nature of Formative Stimulation (Artificial Parthenogenesis); The 
Prevention of the Death of the Egg through the Act of Fertilization; The R6le 
of Salts in the Preservation of Life; Experimental Study of the Influence of En- 
vironment on Animals. 

The author’s point of view will be seen from the following quotations, 
pp. 26, 30, 42, 48, 71, 73, 80, 100, 158, 169, 204: 

*‘If the structure and the mechanism of the atoms were known to us we 
should probably also get an insight into a world of wonderful harmonics and 
apparent adaptations of the parts to the whole. But in this case we should 
quickly understand that the chemical elements arc only the few durable systems 
among a large number of possible but not durable combinations. Nobody 
doubts that the durable chemical elements are only tlie product of blind forces. 
There is no reason for conceiving otherwise the durable systems in living natinc. 

“The contents of life from the cradle to the bier arc wishes and hopes, 
efforts and struggles, and unfortunately also disappointments and suffering. 
And this inner life should be amenable to a physico-chemical analysis? In spite 
of the gulf which separates us to-day from such an aim I believe that it is at- 
tainable. As long as a life phenomenon has not yet found a physico-chemical 
explanation, it usually appears inexplicable. If tlic veil is once lifted we arc 
always surprised that we did not guess from the first what was behind it. 

“That in the case of our inner life a physico-chemical explanation is not 
beyond the realm of fjossibility is proved by the fact that it is already possible 
for us to explain cases of simple manifestations of animal instinct and will on 
a physico-chemical basis; namely, the phenomena which I have dlscu-ssed in 
former papers under the name of animal tropisms. As the most simple example 
we may mention the tendency of certain animals to fly or creep to the light. 
We are dealing in this case with the manifestation of an instinct or impulse 
which the animals cannot resist. It appears as if this blind instinct which 
these animals must follow^ although it may cost them their life, might be ex- 
plained by the same law of Bunsen and Roscoe, which explains the photochemical 
effects in inanimate nature. 
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‘‘Our wishes and hopes, disappointments and sufferings, have their source 
in instincts which are comparable to the light instinct of the heliotropic animals. 
The need of and the struggle for food, the sexual instinct with its poetry and its 
chain of consequences, the maternal instincts with the felicity and the suffering 
caused by them, the instinct of workmanship, and some other instincts are the 
roots from which our inner life develops. For some of these instincts the chem- 
ical basis is at least sufficiently indicated to arouse the hope that their analysis, 
from the mechanistic point of view, is only a question of time. 

If our existence is based on the play of blind forces and only a matter of 
chance, if we ourselves arc only chemical mechanisms — ^how can there be any 
ethics for us? The answer is, that our instincts are the root of our ethics and that 
the instincts are just as hereditary as is the form of our body. We eat, drink, 
and reproduce, not because mankind has reached an agreement that this is de- 
sirable, but because, machine- like, we are compelled to do so. We arc active, 
because we are compelled to be so by processes in our central nervous system; 
and as long as human beings are not economic slaves the instinct of succe.ssful 
work or of workmanship determines the direction of their action. The mother 
loves and cares for her children, not because metaphysicians had the idea that 
this was desirable, but because the instinct of taking care of the young is in- 
herited just as distinctly as the morphological characters of the female body. 
We seek and enjoy the fellowship of human beings becaUvSC hereditary conditions 
compel us to do so Wc struggle for justice and truth since we arc instinctively 
compelled to see our felUwv beings happy. Economic, social, and political condi- 
tions or ignorance and superstition may warp and inhibit the inherited instincts 
and thus create a civilization with a faulty or low development of ethics In- 
dividual mutants may arise in which one or the other desirable instinct is lost, 
just as individual mutants without pigment may arise in animals, and the off- 
spring of such mutants may, if numerous enough, h>WTr the ethical .status of a 
community. Not <mly is the mechanistic conception of life compatible with 
ethics it seems the only conception of life which can lead to an understand- 
ing of the source of ethics. 

“Many animals show’ no hclioti opisiii at all. many show’’ only a slight re 
action, while others show’ it in a degree as pronounced as do the winged aphids. 
The problem therefore presented itself of producing hcliotrf)pism artirtcially 
in animals, which, under natural conditions, show’ no positive heliotropism 
If small crustaceans of a fresh- water pond or lake are taken with a plankton net 
at noontime or in the afternoon and placed in an aquarium which is illuminated 
from one side only, it is often found that these animals move about in the vessel 
pretty much at random and distribute themselves irregularly. Some seem to go 
more toward the source tff light, others in the opposite direction, and the majority 
perhaps pay no attention to the light. 

“This condition changes instantly if we add to tlie w’ater some acid, pre 
ferably carbonic acid, which easily ixmetrates the cells of the animals. To every 
50 cc of the fresh water a few cc of water charged with carbon dioxide arc slow ly 
added. If the correct amount is added all the individuals become actively 
hcliotropic and move in as straight a line as the imperfection of their swinmiing 
movements permits tow’ard the source of light, and remain there closely crow ded 
together on the illuminated side of the vessel. If the vessel is turned 
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they go directly back again to the lighted side of the vessel. Every other acid 
acts like carbonic acid and alcohol acts in the same manner, only more weakly 
and much more slowly. Animals which were previously indifferent to light 
become under carbonic acid treatment complete slaves of the light. 

'*How does the acid produce this result? We will assume that it acts as 
a sensitizer. The light produces chemical changes, for instance, oxidation, 
on the surface of the animal, especially in the eye, as was suggested in the case 
of the aphids. The mass of photochemical substance which is acted upon by 
the light is often relatively small, so that even when the light strikes the crustacean 
(copepod) on one side only, the difference in the chemical changes on the two 
sides of the body remains still too small to call forth a difference in tension or 
action in the muscles of the two sides of the body, sufficient to turn the animal 
toward the source of light. But if we add an acid this could act as a catalyzer, 
as, for instance, in the catalysis of esters. In the catalysis of esters, the acid 
acts, according to Stieglitz, only to the extent of increasing the active mass of 
the substance which undergoes a chemical change. In order to fix our ideas 
provisionally we will assume that the acid makes the animal more strongly posi- 
tively heliotropic by increasing the active mass of the photosensitive substance. 
In this way the .same intensity of light which before produced no hcliotropic 
reaction now may cause a very pronounced positively heliotropic reaction; 
because if now the animal is struck on one side only by the light, the difference in 
the reaction products in both retinae becomes rapidly large enough to cause 
automatically a difference in the action of the muscles of both sides of the body 
and a turning of the head toward the source of light. 

“It is a common phenomenon that animals in certain larval stages arc 
positively heliotropic, while in others they are not sensitive to light or are even 
negatively heliotropic. I will not discuss these facts further in this place, but 
refer my readers to my earlier papers. 

“This change in the heliotropic sensitiveness, produced by certain metabolic 
products in the animal body, is of great biological significance. I pointed out 
in former papers that it .serves to save the lives of the above-mentioned young 
larvae of Chrysorrhoea. When the young larvae are awakened from their winter 
sleep by the sunshine of the spring they are positively heliotropic. Their positive 
hcliotropism leaves them no freedom of movement, but forces them to creep 
straight upward to the top of a tree or branch. Here they find the first buds. 
In this way their hcliotropism guides them to their food. Should they now 
remain positively hcliotropic they would be held fast on the ends of the twigs 
and would starve to death But we have already mentioned that after having 
eaten they once more lose their positive hcliotropism. They can now creep 
downward, and the restlessness which is characteristic of so many animals 
forces them to creep downward until they reach a new leaf, the odor of tactile 
stimulus of which stops the progressive movement of the machine and sets their 
eating activity again in motion. 

“The fact that ants and bees become positively helio tropic at the time of 
sexual maturity plays an important rdle in the vital economy of these creatures. 
As is well-known, the mating of these insects takes place during the so-called 
nuptial flight. I found that among the male and female ants of a nest the helio- 
tropic sensitiveness increases steadily up to the time of the nuptial flight and 
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that the direction of their flight follows the direction of the rays of the sun. 
I gained the impression that this nuptial flight is merely the consequence of a very 
highly developed heliotropic sensitiveness. The case seems to be similar among 
the bees according to the following experiment described by Kellogg. The bees 
were ready to swarm out of the opening of the box used for the experiment 
when he suddenly removed the dark covering of the box so that the light now 
entered it from above. The heliotropic sensitiveness of the animals was so 
great that they crept upward within the box, following the direction of the light 
rays, and were not able to make the nuptial flight. Thus according to these 
observations the bees at the time of the nuptial flight are positively hcliotropic 
machines. 

“We must discriminate between simple and conscious spontaneity. In 
simple spontaneity we must consider two kinds of processes, namely, aperiodic 
spontaneous processes and rhythmically spontaneous or automatic processes. 
The rhythmical processes are of importance for our consideration. Respiration 
and the heartbeat belong in this category. The respiratory movements seem 
to indicate that automatic activit>^ can arise in the ganglion-cells, and from this 
the conclusion has been drawn that all automatic movements arc due to specific 
structures of the ganglion-cells. Recent investigations, however, have trans- 
ferred the problem of rhythmical spontaneous contractions from the field of 
morphology into that of physical chemistry. The peculiar qualities of each 
tissue are partly due to the fact that it contains certain ions K,Caand others) 
in definite proportions. By changing these proportions, we can impart to a tissue 
properties which it does not ordinarily possess If in the muscles of the skeleton 
the Na ions be increased and the Ca ions be reduced, the muscles are able to 
contract rhythmically like the heart. It is only the presence of Ca ions in the 
blood which i)revents the muscles of our skeleton from beating rhythmically 
in our body. As the muscles contain no ganglion-cells, it is ceitain that the 
power of rhythmical spontaneous contractions is not due to the specific morpho- 
logical character of the ganglion- cells, but to definite chemical conditions which 
are not necessarily confined to ganglion -cells. 

“Consciousness is only a metaphysical term for phenomena which are de- 
termined by associative memory. By associative memory I mean that median 
ism by m Inch a stimulus brings about not only the effects which its nature and 
the specific structure of the irritable organ call for, but by which it brings about 
also the effects of other stimuli which formerly acted upon the organism almost 
or quite simultaneously with the stimulus in question. If an animal can be 
trained, if it can learn, it possc.sses associative memory. By means of this 
criterion it can be shown that Infusoria, Coclentcratcs, and worms do not possess 
a trace of associative memory. Among certain classes of insects (for instance, 
ants, bees, and wasps), tlie existence of associative memory can be proved. 
It is a comparatively ea.sy task to find out which representativ'^es of the various 
classes of animals possess, and which do not possess, associative memory. Our 
criterion, therefore, might be of great assistance in the development of compara- 
tive psychology. 

“Our criterion puts an end to the metaphysical idea that all matter, and 
hence the whole world, possesses consciousness. W'c are brought to the thet)ry 
that only certain species of animals possess associative memory and have con- 
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sciousness, and that it appears in them only after they have reached a certain 
stage in their ontogenetic development. This is apparent from the fact that 
associative memory depends upon mechanical arrangements which are present 
only in certain animals, and present in these only after a certain development 
has been reached. The fact that certain vertebrates lose all power of associative 
memory after the destruction of the cerebral hemispheres, and the fact that 
vertebrates in which the associative memory cither is not developed at all or 
only slightly developed (<?. g., the shark or frog) do not differ, or differ but slightly 
in their reactions after losing the cerebral hemispheres, support this view. The 
fact that only certain animals possess the necessary mechanical arrangements 
for associative memory, and, therefore, for consciousness, is not stranger than 
the fact that only certain animals possess the mechanical arrangements for uniting 
the rays from a luminous point on the retina. The liquefaction of gases is an 
example of a sudden change of condition which may be produced when one 
variable is changed; it is not surprising that there should be sudden changes 
in the ontogenetic and phylogenetic development of organisms when there arc 
so many variables subject to change, and 'when we consider that colloids easily 
change their state of matter. 

“It becomes evident that tlie unraveling of the mechanism of associative 
memory is the great discovery to be made in the field of brain physiol(»gy and 
psychology. But at the .same time it is evident that this mechanism cannot 
be unraveled by histological methods, or by operations on the brain, or by 
measuring reaction times. We have to remember that all life phenomena arc* 
ultimately due to motions or changes occurring in colloidal substances. The 
question is. Which peculiarities of the colloidal sub.stanees can make the phenom- 
enon of associative memory possible^ For the solution of this problem the 
experience of physical chemistry and of the physiology of the protoplasm must 
be combined. From the same sources we must expect the solution of the other 
fundamental problems of brain physiology, namely, tlic process of conduction 
of stimuli. 

“The idea that the formation of the vertebrate embryo is a function of 
growth has been made the basis of the embryological inve,stigations of His. 
In a masterly way, His has shown how inequality of growth determines the differ- 
entiation of organs. In the blastoderm of a chick, for example, the first step 
in the formation of the embryo is a process of folding. There originates a head 
fold, a tail fold, a medullary groove, and the system of amniotic folds. Accord- 
ing to His, all these processes of folding are due simply to inequalities of growth, 
the center of the blastoderm growing more rapidly than the periphery. It 
can be shown, very simply, that such a process of unequal grow'th must, indeed, 
lead to the formation of exactly such a system of folds as we find in the blasto- 
derm of a chick. If ive take a thin, flat plate of clastic rubber, and lay it on 
a drawing-board, we can imitate the stronger growth in the center by sticking 
two tacks in the middle of the rubber, a short distance apart, and then pulling 
them in opposite directions. In this way we may imitate unequal growth, 
the center growing faster than the j^eriphery. If we then fix the tacks in the 
drawing-board, so that the rubber in the middle remains stretched, we get the 
same system of folds as that shown by the embryo of a chick. I mention this 
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way of demonstrating the effects of unequal growth as the ideas of His are still 
doubted by some morphologists. 

**His raised the question, Why is growth different in different parts of the 
blastoderm? But instead of trying to answer it from the physiological stand- 
point he answered it from the anatomical standpoint. According to him, the 
different regions of the unsegmented egg correspond already to the different 
regions of the differentiated embryo. But this so-called theory of preformed 
germ-regions gives no answer to the question, why some parts of the embryo 
grow faster than others. Nevertheless, it is not necessarily in opposition to 
the theory of growth offered in the preceding chapter. Starting with the idea 
of His, we may well imagine that the different regions of the ovum arc somewhat 
different chemically, and that these chemical differences of the different germ- 
regions determine the differences of growth in the blastoderm. Thus the phe- 
nomena of heteromorphosis w'ould show that, in some animals at least, the ar- 
rangement of preformed germ-regions may be changed by gravitation, light, 
adhesion, etc. 

“How can we explain the fact that fertilization .saves the life of an egg^ 
I.,c‘t us make the following preliminary assumption. The unfertilized egg contains 
a poison, or some faulty combinatitni of conditions which, if oxidatiems take 
place, causes the death of the egg. In the unfertilized but mature egg oxidations 
take place The spermatozoon carries into the egg among other substances 
sonictliing which protects the egg against the fatal effects of the oxidations, 
and allows them even to carry on oxidations at an increased rate without .suffer- 
ing. We might say that the mature but unfertilized egg is comparable to an 
anaerobic being for which oxidations arc fatal, and that the spermatozoon trans- 
forms the egg into an aerobic organism. 

“If w'c comjiare the eggs of different animals, we find great differences in 
regard to the above mentioned conditions The eggs of certain annelids ( Poiyuoc) 
also perish rapidly if they become mature without being caused to develop, 
while the (‘ggs of the sea-urchin remain alive for a longer period of time after 
they have become matuie The problem as to what determines this difference 
has not yet been investigated 

“ Less is knowm of the role of the salts in the animal body than of the role 
of the three other main food-stuffs, namely, carbohydrates, fats, and piotcins. 
As far as the latter are concerned we kmnv at least that through oxidation they 
are capable of furnishing heat and other forms of energy The neutral .salts, 
how’ever, are not oxidizable Yet it .seems tf) be a fact that no animal can live 
on an ash free diet indefinitely, although no one can say why this should be so. 
We have a point of attack for the investigation of the r 61 e of the salts in the fact 
that the cells of our body live longest in a liquid which contains the three salts, 
NaCl, KCl and CaClj in a definite proportion, namely, 100 molecules NaCi, 
2.2 molecules KCl and 1.5 molecules of CaCl.^. This proportion is identical with 
the proportion in w'hich these .salts are contained in sca-w^atcr; but the concen- 
tration of the three salts is not the .same in both cases. It is about three times 
as high in the sea -water as in our blood serum. 

“ Biologists have long been aware of the fact that the ocean has an incom- 
parably richer fauna than fresh- water lakes or streams and it is often assumed 
that life on our planet originated in the ocean. The fact that the salts of Na, Ca 
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and K exist in about the same proportion in our blood serum as in the ocean has 
led some authors to the conclusion that our ancestors were marine animals, 
and that, as a kind of inheritance, we still carry diluted sea- water in our blood. 
Statements of this kind have mainly a metaphorical value, but they serve to 
emphasize the facts that the three salts, NaCl, KCl and CaClj, exist in our blood 
in the same relative proportion as in the ocean and that they seem to play an 
important r61e in the maintenance of life. 

"The reader is probably familiar with the fact that there exist two differ- 
ent types of human twins. In the one type the twins differ as much as two chil- 
dren of the same parents born at different periods, they may or may not have 
the same sex. In the second type the twins have invariably the same sex and 
resemble each other most closely. Twins of the latter type are produced from 
the same egg, while twins of the former type are produced from two different 
<iggs. 

"The experiments of Driesch and others have taught us that twins originate 
from one egg in this manner, namely, that the first two cells into which the egg 
divides after fertilization become separated from each other. This separation 
can be brought about by a change in the chemical constitution of the sea-water. 
Herbst observed that if the fertilized eggs of the sea-urchin are put into sea- 
water which is freed from calcium, the cells into which the egg divides have a 
tendency to fall apart Dricsch afterward noticed that eggs of the sea-urchin 
treated with sea-water which is free from lime have a tendency to give rise to 
twins. The writer has recently found that twins can be produced not only by the 
the absence of lime, but also through the absence of sodium or potassium; in 
other words, through the absence of one or two of the three important metals 
in the sea- water. There is however a second condition, namely, that the solu- 
tion used for the production of twins must have a neutral or at least not an alka- 
line reaction. 

"The procedure for the production of twins in the sea-urchin egg consists 
simply in this: the eggs are fertilized as usual in normal sea- water and then, 
after repeated washing in a neutral solution of sodium chloride (of the concentra- 
tion of the sea- water), are placed in a neutral mixture of potassium chloride and 
calcium chloride, or of sodium chloride and potassium chloride, or of sodium chlor- 
ide and calcium chloride, or of sodium chloride and magnesium chloride. The 
eggs must remain in this solution until half an hour or an hour after they have 
reached the two-cell stage. They are then transferred into normal sea-water 
and allowed to develop. From 50 to 90 percent of the eggs of Strongylocentrotus 
purpuraius treated in this manner may develop into twins. These twins may 
remain separate or grow partially together and form double monsters, or heal 
together so completely that only slight or even no imperfections indicate that 
rile individual started its career as a pair of twins. It is also possible to control 
the tendency of such twins to grow together by a change in the constitution of 
the sea- water. If we use a twin-producing solution, a mixture of sodium, mag- 
nesium, and potassium chlorides (in the proportion in which these salts exist 
in the sea- water), the tendency of the twins to grow together is much more pro^ 
nounced than if we use simply a mixture of sodium chloride and magnesium 
drioride/' WUder D. Bancroft 
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The Metaliogrephy of Iron and Steel. By Albert Sauveur. tS X 26 cm; 

PP- xvi -f 413. Cambridge: Sauveur and Boylston, igi2. Price: $6.00 . — In 
the preface the author says: 

"While several excellent books on metallography have been published 
and while numerous papers on the metallography of iron and steel have appeared 
in the scientific and technical press, a well-balanced, specific, and comprehensive 
treatise on the subject has not heretofore been written. In the belief that there 
is a real and urgent need of such a treatise, the author has endeavored to supply 
it, craving for his effort the indulgent criticism of his readers. He offers his 
book to those seeking self-instruction in the metallography of iron and steel, 
their special needs having been carefully considered in the arrangement of the 
lessons; he offers it to teachers and students trusting that they will find it valuable 
and suggestive as a text book; he offers it to manufacturers and users of iron 
and steel in the belief that he has given due weight to the practical side of the 
subject and has avoided discussions of ill-founded or purely speculative theories; 
he offers it to the general reader interested in the scientific or practical features 
of the metallography of iron and steel, as the language used should be readily 
understood by those lacking specialized knowledge of the subject, he offers it 
to experts in the hope that they will find it not entirely devoid of original thought, 
original treatment, and suggestivencss " 

The subject is presented under the following headings: apparatus for the 
mctallographic laboratory, pure metals, pure iron, wrought iron; low carbon 
steel, medium high and high carbon steel, impurities in steel, the thermal critical 
points of iron and steel; cast steel, the mechanical treatment of steel; the an- 
nealing of steel . the hardening of steel , the tempering'of hardened steel , theories 
of the hardening of steel, the cementation and case-hardening of steel, special 
steels, cast iron, impurities in cast iron, malleable cast iron; constitution of me- 
tallic alloys, equilibrium diagram of iron carbon alloys, the phase rule, manipula- 
tions and apparatus, nomenclature of the microscopic constituents. 

The author has had much experience in correspondence work and it shows. 
He has written a very readable book. It is rather to be regretted that he looks 
upon ferrite and graphite as the only tw'o stable phases and it is quite unpardon- 
able that the book should not be paged continuously. If the chapter on the 
phase rule is to come after the iron-carbon diagram, why not omit it altogether? 

What the author has to say on mechanical refining is interesting (Lesson 
XI, p. 9) : " It would seem as if, with the use of pyrometers at least, it should 
be a relatively simple matter to finish steel objects very near the desirable tempera- 
ture and thus secure for them the best structure that can be imparted by work 
alone. Upon reflection, however, it will l>e manifest that the problem is on the 
contrary .an insoluble one, for the reason that unless the objects arc of very small 
cross-sections, it is quite impossible to finish them so that their temperature 
will be uniform throughout, the central portions being necessarily hotter than 
the outside. Should the forging be so conducted that the temperature of the 
outside be very near the critical range, the center, being materially hotter, 
will coarsen on cooling, while if the implements, on the contrary, arc finished 
so that their center may have the .fine structure produced by ceasing the work 
at the proper temperature, their outside must necessarily suffer from cold working. 
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I'he limitations of work alone as a means of imparting the best possible structure 
to steel are, therefore, quite evident. 

“ While a uniformly fine grain cannot be imparted to steel objects of consider- 
able size through hot working alone, the value of hot work as a means of refining 
the structure of steel remains very great as exemplified by the structure of prop- 
erly hot forged steel when compared with the structure of steel castings of similar 
composition. The finer grain imparted to steel by working it has been called 
by some writers ‘mechanical’ refining to distinguish it from the refining pro- 
duced by heat, i. e., from ‘thermal’ refining. In practice hot work should be 
so conducted, that is, the finishing temperatures so regulated, that the central 
portions of the finished implements will not suffer unduly from the coarsening 
influence of too high a finishing temperature, while at the same time the outside 
will not suffer unduly from the effect of cold working. The natural tendency 
of rolling and other forging mills is to finish W(jrk at too high temperatures for 
the simple reason that the metal is then more plastic and con.sequently requires 
ICvSS power for its working. In some manufactures, however, and especially 
in the rolling of rails, the importance of proper finishing temperatures has been 
given careful attention and the rolling oi)eration so modified as to deliver rails 
of much finer grain, and, therefore, better physical quality than formerly. 

l^esidcs its important grain refining influences hot work further improves 
the quality of steel by closing and, if the carbon be low enough, welding the blow- 
holes and otherwise increasing its soundness and by removing cooling strains ” 

In Lesson XII, p. 2, wc read that “having imparted a fine structure to the 
steel the next step must be to retain it The most effective way of accomplishing 
this consists in cooling the steel very quickly, by quenching it in water, for in- 
stance, as time is then denied for the structure to coarsen at all while the metal 
cools to atmospheric temperature. Such rapid cooling, however, as is well 
known, hardens the metal and deprives it of ductility (unless indeed it contains 
very little carbon), and this would defeat the purpose of annealing which always 
demands the retention of considerable ductility It follows from these con- 
siderations that, in annealing, cooling from the annealing temperature cannot 
be so rapid as to very materially harden the steel. Its rate should, moreover, 
be regulated in accordance* with the kind of properties w'c most desire the steel 
object to possess. For instance, (1) if softness and ductility arc wanted (for 
ease of machining), nece.ssarily at a certain sacrifice of strength and elasticity, 
the coaling should be very slow, to wit, with the furnace in which the object was 
heated, (2) if greater hardness (for wearing power), strength and elasticity are 
desired, at the necessary sacrifice of some ductility, the cooling should be more 
rapid, as, for example, in air or, in the case of low carbon steel, in oil or, with very 
low carbon steel, even in water.” 

After giving an account of the different theories of the hardening of steel 
the author sums up as follows (Les!3on XV, p. 6) : 

“ From the above short description of lie various theories advanced to ex- 
plain the hardening of steel the reader will probably gather the impression that 
the retention theories, especially the beta iron theory, are the most acceptable 
ones. It seems quite possible, however, even probable, that the various theories 
while apparently antagonistic, bring each their contribution to the elucidation 
of the problem. Should wc not believe with the allotropists that the hardness 
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of steel is due chiefly to the retention of a large quantity of a hard allotropic 
variety of iron, probably beta iron, and that this iron contains in solution the 
hardening carbon of the carbonists, the presence of which is absolutely essential 
to the existence of beta iron in the cold? Should wc not with the advocates of 
the stress theories believe in the hardening influence of the strains created on 
quick cooling (a) because of the shrinkage of the outer layers of the metal and 
(6) because of the expansion accompanying the transformation of gamma into 
beta iron? None of these theories alone gives a fully satisfactory explanation 
beta iron cannot be retained in the absence of carbon and if it could be it is not 
certain that it would be intensely hard; the presence of intensely hard carbon 
or iron carbide as the chief cause of hardening is contrary to evidences: the 
strained condition of hardened steel does not account satisfactorily for its hard- 
ness, Lc Chatelier’s contention that quickly cooled steel is hard although its 
iron is in the soft alpha condition because of its being in a state of solution is 
opposed by the evidences at hand (a) of the existence of bctfi iron and (6) ot 
the hardness of beta iron Arnold’s theory that hardened steel owes its hardness 
to the retention of a hard subcarbide of iron lacks experimental support and is 
scientifically untenable.” Wilder P. Bamtofi 

Explosives. By 1 1 Brunswig Translated hv Charles K \funroc and 
Alton L. Kibler 14 X 2a cm, pp xv 4- 550. New York: John Wiley and Sons, 
J9i2r-li\ the preface the author says that ” the application oi physical chemistiy' 
to the problems of explosives is to be desired for several reasons The days 

of purely emi)irical progress in the technique of explosives arc numbered. 
The develiipment of our knowledge of explosive processes forces us more and 
more into the narrow field of an exact chemistiy' of explosives, or, in other words, 
a physical chemical science dealing with the velocities of chemical reactions and 
chemical equilibria at very’ high temperatures and pressures." 

The headings of the chapters are' general behavior of explosive systems; 
velocity of explosive reactions, explosion pressure, temperature of explosion; 
gases from explosive reactions, explosions by influence, flame of an explosion; 
characteristics of particular expU)sions; propellants; blasting explosives. 

As illustrating the difference between exothermal and endotliermal reactions, 
the author points out, p. 4, that “a mixture of porous carbon with liquid oxygen 
is explosive, while liquid carbon dioxide is not, although both systems, in going 
over to gaseous carbon dioxide, reach the same final condition with a nearly 
equal increase of volume ” On p. 13 we read that a surprising result is obtained 
by a comparison of the cnerg)^ cimtent, expressed in calories, of the explosion 
of powerful explosive substances with that of the burning of ordinary fuels. 
Thus one kilogram of petroleum in burning to carbon dioxide and water furnishes 
about 12,000 calories; coal about 8ocx) calorics; and dry' wood, 35 oo-40ck^ calories; 
while dynamite (with 25 percent kieselguhr) in exploding furnishes only 1300 
calories. The energy content of explosives is usually thought to be very great, 
while really they are technically valuable only because they liberate all their 
energy in a very short space of time. As a fact, explosives are unproductive 
and costly sources of energy." 

The following paragraphs on sensitiveness, p. 19, and on detonators, pp. 35 
4 ind 47, are interesting: 
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“From the foregoing, sensitiveness and heat of formation appear to be 
related, yet the laws of this relationship have not been completely explained. 
This is probably due to the influence which the physical condition of the explosive 
substance exercises on its sensitiveness, and this is a factor which is very difficult 
to bring under a common law. Among them might be mentioned physical state, 
viscosity, structure, density, hardness and perhaps also conductivity for heat, 
sound and the like. In the test for sensitiveness such considerations are often 
much more important than differences in the atomic structure of the molecule. 
By successive compressions of an explosive mixture its sensitiveness can be 
brought to the vanishing point, a fact which has often been noticed in the case 
of compressed detonators as well as cartridges and explosives; it has been ob- 
served by Berthelot and others even in the case of highly sensitive chlorate 
mixtures. 

“The sensitiveness of an explosive apparently bears no relationship to that 
of its component parts This applies also to added substances which in them- 
selves are not explosive. It is a well-known fact that hard, sharp-edged admix- 
tures, such as sand, powdered glass and even metallic particles, increase con- 
siderably the sensitiveness of an explosive towards shock, blow and friction, 
and the explosives industry makes frequent use of this principle. It has not 
yet been indisputably demonstrated that the influence of such hard admixtures 
upon the sensitiveness under a blow is due to the concentration of the pressure 
on the sand or glass points. The sensitiveness is often greater on softer metals 
than on harder ones. Yet admixtures lessen the sensitiveness when they have 
a tendency to soften the explosives, or, when they inclose its smallest particles 
like an elastic envelope. For this reason, substances such as water, methyl 
alcohol, acetone, also glycerin, paraffin, vasclin, and even camphor, caoutchouc, 
and fatty oils have found applications as admixtures in the manufacture of 
explosives. It is found, for example, that if cottonseed oil be mixed in varying 
proportions with finely crystallized picric acid, the addition of more than 3.2 
percent of oil to the picric acid entirely destroys its ability to be detonated by 
blows or friction, and even by the influence of 2 -gram detonators. Other fatty 
oils, especially ca.stor oil, have a similar effect and each of such admixtures seems 
to have its own specific influence If the protecting envelope, which weakens the 
effect of the initial impulse upon the explosive, is broken, even partly, the sensi- 
tiveness again increases. If, for instance, a mixture of 9 parts picric acid with 
I part nitronaphthalcne be warmed until the latter melts, and then the mixture 
is allowed to cool and solidify, the mass cannot be caused to explode by the de- 
tonation of a 2 -gram detonator. If the same mass be now finely powdered, 
and then compressed to the same density as the previous solid mass, it can be 
detonated without fail with a i-gram detonator. 

'‘M. Berthelot has sought to prove that mechanical shock docs not, as a 
rule, cause the explosion directly but indirectly through the heat produced. 
Previous to this, chemists were inclined to the opinion, on the strength of experi- 
ments with very sensitive explosives such as silver fulminate, nitrogen iodide, 
nitrogen chloride and the like, that violent agitations of the particles of the sub- 
stance could directly bring about chemical reaction. M. Bcrthclot’s experi- 
ments, however, prove that a reaction, even one that is already begun, is not 
accelerated when the substance in reaction is placed on a tuning fork or in a 
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Ulass tube vibrating over 7000 times per second. As a fact, nitrogen 
iodide did explode at from 100 to 200 vibrations, but only because the vibra- 
tions produced a rise of tcmperatiu'c sufficient for more rapid decomposition, 
"The phenomena of the transmission of an explosion from one explosive 
<!artridge to another separated from it (section 28) proves, however, that very 
violent vibrations, as such, can bring about an explosive reaction. 

"The explosive reaction brought about by a detonator owes its peculiar 
character to the circumstance that it proceeds nearly adiabatically; that is, the 
amount of heat carried off in unit of time by radiation or conduction is vanishingly 
small compared to that developed in the same time by chemical reaction." 

Under the velocity of explosive reactions, p. 85, we learn that "investigators 
have accepted the assumption that the grains of black powder burn in concentric 
layers and that, therefore, during the process of combustion a proportion exists 
between the time ctmsumed in burning and the thickness of the layer burned. 
Vieille proved, in a suggestive work, that this hypothesis is not true in general 
for black powder; but is true for explosives, such as gelatinized nitrocellulose, 
which possess a nearly homogeneous character By the establishment of 

these facts Vieille laid the foundation for the modern gelatinized smokeless gun- 
powder, which, on account of its regular velocity of combustion Avithin wide 
limits, allows a much higher utilization of its energy than was possible in the case 
of black powder without injuring the weapon to any material extent " 

One unexpected source of danger is mentioned on p. 222 
"The power of nitrocellulose to collect static electricity is not only trouble- 
scunc but has frequently been the cause of accidents due to a discharge of elec- 
tricity in the form of sparks. An unusual occurrence which took place in the 
powder factory of the Nobel's Explosive Company in Ardeer, on Dec. 14, 1901, 
was due to the electrification of gelatinized powder when rubbed. A workman 
engaged in winding up strings of cordite allowed the strands to run through 
his hand. The floor of the room was covered with lead, and the workman wore 
shoes with rubber soles. As he started to dip his fingers in a dish of acetone 
to free them of the fragments of cordite a spark sprang from his fingers to the 
acetone and ignited it. The workman was apparently charged w'ith static elec- 
tricity from rubbing the cordite In fact, the experience was afterwards re- 
peated as an experiment and was always successful so long as the workman 
was insulated. It could not be accomplished, however, after a copper nail had 
been driven in the rubber sole of his shoe. The nail acted as a conductor and 
carried off the electricity through the lead floor." 

The only error which comes within the reviewer's knowledge is on p. 53 
where the author cites the work of Falk to the effect that the mixture, + O3, 
is most easily detonated without referring to the subsequent work of Dixon 
which showed the error in the experimental work. Wilder D, Bancroft 

Untersuchungen ilber die Bildungs verbal tnisse der ozeanischen Salza- 
blagerungen. By J. H. vanH Hoff. j8 X 26 cm; pp. xx -f 574. Leipzig: 
Akademische Verlagsgesellschaft^ 1912. — ^The monumental work of van't Hoff 
on the Stassfurt salt deposits was published in the Transactions of the Prussian 
Academy of Sciences in fifty-two papers extending over eleven years. Under 
the circumstances the papers were not readily accessible as a whole. Messrs. 
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Cohen and Precht have done the chemical world a favor by republishing these- 
papers in a single volume. Since the papers really are the first stages of a revo- 
lution in geology, it is difficult to overestimate their importance. In fact, most 
chemists have not waked up as yet to their real significance. In the memorial 
address on van*t Hoff, Emil Fischer says quite frankly that many of van*t Hof!*s. 
friends considered the Berlin days as a period of rest or even of exhaustion. 
Such a belief is due to a lack of perspective. To revolutionize geology is no 
small matter. The Geophysical Laboratory at Washington is carrying on in 
splendid style the work which van’t Hoff began. It is very doubtful whether 
the Geophysical Laboratory could have been founded when it was, had it not 
been for the pioneer work of van’t Hoff, which rests in its turn on the work of 
Roozeboom, which was a continuation of the work of Gibbs. 

Wilder D. Bancroji 

The Principles of Organic Chemistry. By James F. Norris. 15 X 21 cm; 
pp. V + 565. New i ork: McGiaw-Jhll Book Co., igi2 . — This book is one of 
the first of the International Chemical Series to appear, while intended for be- 
ginners, it is a little more advanced than Remsen’s, and a little more elementary 
than Bernthsen’s book. The order followed is practically the same as that of 
the latter book. The emphasis laid on the foundation for this treatment, how- 
ever, is of interest Radicals are treated on the basis of hydrogen as standard. 
Those more basic than hydrogen arc called positive, and those more acid in 
nature, negative. According to this, the classification of organic chemistr>' 
partakes somewhat of that of inorganic First, the organic unit, or radical, 
corresponding to the clement in inorganic chemistry, is treated Then in order 
a positive group connected with a hydroxyl group; alcohols, a negative group 
wdth hydroxyl acids, two positives with oxygen, ethers, two negatives with 
oxygen, anhydrides, and etc., emphasizing the similarity with inorganic bases, 
acids, oxides, acid anhydrides, and etc 

The chapters on carbohydrates, proteins, and dyes are especially worthy 
of comment. More attention is given these subjects than in the ordinary ele- 
mentary text book. The growing interest in dyeing, the importance of proteins 
in all life processes, and the commercial importance of the carbohydrates, re- 
quire that the ordinary student should have a more intimate acquaintance 
with these everyday substances The chapter on identification of organic com- 
pounds may be of some value in giving the student an idea of the nature of or- 
ganic analysis. On the other hand, the attempt to treat analysis in a chapter 
of fifteen pages might mislead some students. 

. The book is practical, and should be used by those desiring a less advanced 
w'ork than the Bernthsen, but similar in make-up. It is printed on thin, but 
good paper, so that although consisting of about 600 pages, it is small and at- 
tractive. r. H'. Benneii 



THE E^vECTROCHEMICAL PRODUCTION OF 
COLLOIDAL COPPER 


BY T. ROLAND BRIGGS 

PART I— SCHUTZEMBERGER’S ALLOTROPIC COPPER 

In the year 1878, Schiitzenberger* announced to the 
French Academy a new and allotropic modification of copper, 
which he had prepared by the electrolysis of a neutral aqueous 
solution of cupric acetate. He was greatly impressed with 
the peculiar properties of the new form of copper and pro- 
ceeded at once to its further investigation. I quote from his 
first paper : 

“The following facts establish the existence of an allo- 
tropic modification of copper, distinct in its physical and 
chemical properties. The electrolyte employed is a ten 
percent, acjneous solution of copper acetate, which has been 
boiled for several minutes There areemployed twoBunsen 

or three Daniell cells of moderate size and all rise in 
temperature during the electrolysis is to be avoided. The 
negative platinum plate is placed [opposite and] parallel to 
the sheet of copper serving as the soluble positive electrode, 
at a distance of three or four centimeters. Its size should 
be a little less than that of the positive electrode. Under 
these conditions the face of the negative platinum electrode 
becomes covered with a deposit of allotropic copper. 

"‘Physical Properties. -The allotropic copper occurs 

in layers having a metallic lustre and is less red than 

ordinary copper, resembling certain bronzes. It is brittle, 
absolutely lacks malleability and can be reduced to an impal- 
pable powder ’’ 

Schutzenberger continues by pointing out that the density 
of the new form of copper varies between 8.0 and 8.2, which 
is decidedly less than that of ordinary sheet copper. He 
continues ; 


Cotnptes rendus, 86, 1265 (1878). 
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" Chemical Properties . — The layers, washed with previously 
boiled water and exposed while moist to the air, are super- 
ficially oxidized with great rapidity; they become beautifully 
iridescent and in a few moments take on a deep indigo-blue 
coIot. In warm water, from 59 to 60 degrees in temparature, 
and in slightly basic copper acetate solution, the oxidation 
is instantaneous. In the beginning, the electrolysis of a bath 
of basic acetate gives only deposits rich in copper acetate and 
it is only after a certain time, when the bath has become more 
nearly neutral, that the operation goes properly. 

“ The allotropic copper, exposed to the air as a dry powder 
and at the ordinary temperature, blackens after a short time 
and changes to copper oxide. 

“The way in which it acts with pure nitric acid, cold 
and diluted with ten times its weight of water, is character- 
istic; its surface is quickly cleaned [of oxide] and the metal 
is attacked with the immediate evolution of nearly pure 
nitrous oxide, at the same time becoming covered with an 
olive-black layer of unknown nature. Ordinary copper is 
with difficulty attacked by acid of this strength, while with 
more concentrated acid it gives off mainly nitric oxide, and 
this without any blackening. Sometimes samples [of allo- 
tropic copper] are obtained which evolve mixtures of nitrous 
and nitric oxides when dissolved in nitric acid but it is easy 
to show that this [mixture] is formed from the presence of 
both forms of copper. This effect often occurs when the bath 
becomes warm during the electrolysis or if it contains acid. 

“The allotropic copper is converted into ordinary copper 
by the action of heat or by prolonged contact with a dilute 
solution of sulphuric acid. 

“Heated to 100° Centigrade in a vacuum or in carbon 
dioxide the modified copper does not disengage hydrogen. 
The peculiarities of its physical and chemical properties should 
not be attributed to the presence of a hydride of copper nor 
to occluded hydrogen, and can be explained only by the ex- 
istence of a special form of copper, susceptible to oxidation 
and dissolving in nitric acid with an evolution of nitrous oxide 
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even in the cold. It is quite probable that this modification 
corresponds to the copper of the cupric salts. In changing to 
ordinary copper it poljrmerizes, evolves heat and gives by oxi- 
dation cuprous oxide before passing to the final state of cupric 
oxide.” 

In a second paper* Schiitzenberger described further 
experiments upon allotropic copper and also mentioned the 
preparation of an allotropic form of lead. From lead acetate 
solutions that had been decomposed with an excesss of caustic 
potash he obtained by electrolysis a form of metallic lead 
that very easily became oxidized in the air with the production 
of the yellow crystalline oxide. 

Certain of Schiitzenberger ’s results and his conclusions 
did not long remain unchallenged. Wiedemann* was unwilling 
to admit the existence of an allotropic modification of copper 
and brought to the French chemist’s attention a paper pub- 
lished by himself as early as the year 1856. In this early 
communication/ Wiedemann described the electrolysis of 
neutral copper acetate solutions and the production of a pe- 
culiar bronze-like deposit at the cathode. The following 
interesting paragraph occurs in this article : 

‘‘The copper deposited at the negative pole takes with it 
a quantity of copper oxide from the solution, the deposit then 
becoming very brittle and dark brown. The amount of copper 
oxide held by this deposit is dependent upon the concentra- 
tion of the solution.” 

At that time (in 1836) Wiedemann did not further in- 
vestigate the nature of the copper dej^sit but after the an- 
nouncement of Schiitzenberger’s work ne again took up his 
former study, obtaining somewhat different results from those 
of the latter chemist. Wiedemann’s cathode films w'ere in- 
variably impure and contained, besides oxide of copper, very 
appreciable amounts of acetic acid. 

^ Comptes rendus, 86, 1397 (1878). 

‘Wied. Ann., 6, 81 (1879). 

3 Pogg. Ann., 99, 193 (1856)- 
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Wiedemann performed several quantitative experiments 
in order to ascertain the relationship between the amount 
of current consumed and the massof the substanceor substances 
deposited by this current upon the cathode, as well as to de- 
termine the amount of the copper actually present in the de- 
posit. 'He arranged three electrolyzing dishes in series, to 
wit — a silver coulometer, a saturated aqueous solution of 
cupric acetate arid a weaker solution of the same salt. Plat- 
inum cathodes were used in all three cells. After determining 
the weight of the substance deposited from the acetate solu- 
tions by a given current (as indicated by the coulometer), 
each deposit was dissolved in pure nitric acid and its copper 
content determined. The data follow, with the calculated 
results ; 


(i) Number of the experiment 

VI 

A 

/II 

(2) Copper in solution in grams per cc 

0 273 

0 


(3) Cathode deposit in grams 

0.422 

0 

36.'^ 

(4) Cathode deposit calculated in grams 

0.263 

0 

263 

(5) CuC) equivalent to cathode deposit 

0 473 

0 

422 

(6) Cu(J calculated from (4) 

0.329 

0 

329 

(7) Excess of CuO in deposit 

0.144 

0 

<x)3 

(8) Percent CuO adsorbed 

35-3 

25 

•4 


Under (2) are given the concentrations of copper in the 
two acetate solutions. Under (3) are the actual weights 
of each cathode deposit; while (4) and (6) give the weights of 
copper and copper oxide required by Faraday’s law, assuming 
all the copper to be in the divalent condition. (5) gives the 
amount of copper as oxide found by analysis in each cathode 
deposit. (7), obtained by subtracting (6) from (5), gives 
the excess of copper in the deposit, assuming it to be present 
as cupric oxide. 

The numbers in this table indicate that there was de- 
posited on the platinum cathodes decidedly more copper than 
was required by Faraday’s Law. Assuming that the excess 
of copper was present as cupric oxide, it must have been ex- 
tracted (adsorbed) from the electrolyte. The presence of 
cupric oxide in the deposit, noticed by Wiedemann ip 1856, 
was thus confirmed. 
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As a result of his owti experiments, Wiedemann was un- 
able to accept the views of Schiitzenberger as to the allotropy 
of copper and explained the observed phenomena as being 
due to the presence of admixed cupric oxide in the deposit. 
He concludes with the following statement ; 

“Therefore the copper precipitated from the acetate 
solutions contains very definite amounts of cupric oxide and 
the more concentrated is the solution employed, the greater is 
the amount of copper oxide which the primarily deposited 
copper finds in its company.” 

Schiitzenberger was not long silent. In reply* to Wiede- 
mann he stoutly defended all his former statements and con- 
clusions. 

“ Having with great care studied the chemical phenomena 
which accompany this electrolysis [of cupric acetate], I am 
convinced that the deposited copper enjoys special and charac- 
teristic properties which cannot be explained unless there is 
admitted the existence of a new' and allotropic state of this 
metal.” 

Wiedemann’s deposits of copper were invariably rich in 
oxide but concerning this observation, Schiitzenberger wrote 
the following : 

“At the beginning of my experiments, I obtained, as 
did M. Wiedemann, deposits rich in the oxide, but in follow- 
ing out my researches as I have specified to the Academy, 
I w’as able to reduce the proportions of the oxide to below’^ 
five percent 

“The density is very much less than that which would 
result from a mixture of copper and copper oxide in the pro- 
portions furnished by his [Wiedemann’s] analyses. Finally 
.... all the properties mentioned disappear spontaneously 
when the allotropic copper is exposed to an atmosphere of 
oxygen or more rapidly, when heated to roo or 150 degrees 
centigrade. The existence of an allotropic modification of 
lead and a red modification of silver .... gives more weight to 
my conclusions.” 

‘ Bull. Soc. chim. Paris, [2] 31. *91 (1879)- 
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At this point the controversy ended and the subject was 
not again considered until in i88i, Mackintosh' disagreed with 
the conclusions of Schiitzenberger. He prepared the so- 
called allotropic copper and by analysis found that it contained 
appreciable amounts of carbon and hydrogen as well as of 
oxide -and, as a result of his work and that of Wiedemann, 
concluded that Schutzenberger’s assumption of allotropy was 
unnecessary. He thus explained the peculiarities of the new 
form of copper: “The cause of the rapid oxidation. . . seems 
to be that the deposit is very porous.” 

For many years this question of the allotropy of copper 
was allowed to remain unsolved until it was again taken up 
in great detail by Carl Benedicks.* Benedicks checked 
Schutzenberger’s results and, in general, succeeded in corrobo- 
rating them. He employed a rotating cathode and acidified 
cupric acetate solutions, so obtaining “acetate-copper” 
almost free from oxide. He thus described the deposits 
which he obtained. 

“This ‘acetate-copper,’ as I have already shown, pos- 
sessed all the properties of the allotropic copper, as for ex- 
ample, its marked tendency toward oxidation (blue tarnish 
when moistened), rapid evolution of nitrous oxide with nitric 
acid (dilute), low specific gravity, bronze-like color, etc. 
Hence the properties cannot be explained by the assumption 
of an admixture of cuprous or cupric oxide.” 

Benedicks also found that this “acetate-copper” invariably 
contained oxygen, carbon and hydrogen. The following 
are his analytical results ; 


Percent 

C 

He 

Acetic acid 

Excess O3 

Ivoss in Hg 

Percent 

Percent 

Percent 

Percent 

1.58 

' j 

0.248 

a.052 ! 

0.62 

0.96 

2.86 

0.441 

0,075 

I . 10 1 

1.76 

2.84 

0 688 

0.107 

1.72 

I 12 


* Am. Chem. Jour., 3, 354; Cbem. News, 44, 279 (1881). 

• Metallurgie, 4, 5, 33 (1907). 
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The above data were obtained by the analysis of de- 
posits resulting from the electrolysis of approximately 0.7 
normal copper acetate solutions containing from 1.2 to 2.4 
percent of acetic acid. 

As a result of his experiments, Benedicks advanced the 
theory that in the case of acetate-copper one was dealing 
with a solid solution of acetic acid in ordinary copper and not 
with an allotropic form of the metal. As an alternative he 
suggested that the acid might be present as a dispersed phase 
(colloidal suspension) in the solid copper, in other words, 
that acetate-copper was an “ acetic acid cuprosol. ” In support 
of his idea of solid solutions he submitted the following ex- 
perimental observations : 

(1) Acetic acid is present in the deposit but the actual 
inclusions cannot be seen even with the most powerful micro- 
scopes. 

(2) The specific volume of acetate-copper is less than that 
required by a mechanical mixture of acetic acid and copper 
in the proportions determined by analysis. 

(3) A high electrical resistance, in one case eight times 
as great as that of pure copjjer, indicates wide-spread internal 
change. The conductivity is partially restored by heat. 
The data illustrating this point follow : 

Resistance (niicro-oliins per cm’) of the acetate 


copper before lieating was 14.4 

After heating to 200° C 30 

Resistance of pure copper 1.7 


(4) The hardness of the deposit exceeds that of ordinary 
copper. 

(5) A condition of internal strain causes spontaneous 
cracking and contraction, this being accompanied by the ex- 
pulsion (sweating out) of small amounts of acetic acid. 

(6) The formation of nitrous oxide by the interaction 
of dilute nitric acid on acetate-copper indicates a deep-seated 
internal change which cannot be due either to acetic acid 
or to copper oxide mechanically held by the deposit of copper. 
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Discussion of Previous Work 

Benedicks’ conclusions are decidedly vague. While the 
possibility of the existence of a solid solution of acetic acid 
in metallic copper is, per se, perfectly plausible, nevertheless 
the proofs adduced in its support are weak and inconclusive. 
The invisibility of acetic acid in the test portions of acetate- 
copper does not prove that the acid is in solution in the metal 
any more than the invisibility under the microscope of the 
individual particles of certain gold hydrosols proves that the 
latter are one-phase systems, i. e., true solutions. The al- 
ternative of the cuprosol of acetic acid is interesting but one 
must admit that it is straining the point a great deal more 
than the facts necessitate. 

The determination of the specific volume and the con- 
traction so discovered is admittedly rendered of doubtful 
value by the experimental difficulties and need not be con- 
sidered as highly important. The “sweating out” of small 
amounts of acetic acid and accompanying cracking and con- 
traction of the deposit can be explained better by the theory 
that will be proposed than by postulating a very instable 
solid solution of acetic acid in copper. The formation of 
nitrous and not nitric acid might be a property of such a solid 
solution, but this behavior can hardly be brought forward 
as an indication of its actual existence.' 

The increased hardness and the decreased electrical con- 
ductivity remain as perhaps favorable to Benedicks’ idea. 
But it must be remembered that the deposits studied by the 
latter were obtained under different conditions from those of 
Schiitzenberger. Benedicks’ electrolyzed copper acetate con- 
taining from 1.2 to 2.4 percent of acetic acid; the other dealt 
with neutral solutions. 

Wiedemann’s objections to Schiitzenberger’s statements 
were overcome by the latter’s repeated investigations and the 
results of Benedicks. There remains no doubt but that de- 
posits almost free from oxide may be obtained under certain 
conditions (rotating cathode, acidity, moderate concentration). 
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which exhibit all the properties described by the French 
scientist. 

The major objection to Schutzenberger’s idea of allo- 
tropy lies in the fact that the copper deposit is not pure but 
invariably has been found to contain carbon, hydrogen and 
oxygen (probably as acetic acid) and small amounts of oxide. 
Allotropy postulates an internal change in a pure substance 
and, while, in the case under discussion, the copper in itself 
may or may not be in an unusual form (crystalline or amor- 
phous, etc.) the a.ssuniption of allotropy as the explanation 
of the behavior of acetate-copper is unnecessary and meaning- 
less. 

J. Maxwell Oarnett, in an interesting paper ‘ upon the 
“Colors of Metal Glasses and Thin Films," quotes Roberts- 
Austen as thus defining allotropy. " The occurrence of metals 
in allotropic states. . . means that the atoms are differently 
arranged in the molecules." Schiitzenberger considered that 
the copfjer in the new form of the metal was present in a peculiar 
molecular form. 

By heating or by contact with acids this instable molecule 
of copper was caused to polymerize with the evolution of con- 
siderable heat, and the polymer so formed corresponded to 
the ordinary form of the metal. Concerning this idea, Mack- 
intosh* writes as follows: 

“To account for the phenomenon of the spontaneous 
change of allotropic to ordinary copper in oxygen he frames 
the theory that allotropic copper corresponds to the copper 
of the cuprous [?] salts and that the molecular change is 
accompanied by development of heat. But w'e can see how- 
liable to spontaneous oxidation such a large quantity of finely 
divided copper would be when it contained both carbon and 
hydrogen in a loose state of combination, and it is unnecessary 
to suppose the existence of another form of metallic copper 
to account for the phenomenon.” 

As I shall proceed to show that Schutzenberger’s allo- 

* Phil. Trans., aos, 237 (igo6). 

* Loc. cit. 
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tropic copper was made up of particles of normal copper in 
the colloidal condition and hence in a state of extreme sub- 
division, it becomes at once evident that Mackintosh was on 
the right path. He recognized the fact that chemical reac- 
tivity is enormously influenced by surface phenomena and 
that in a substance of “great porosity” these become of very 
great magnitude, owing to the enormous surface development. 
Thus iron, released from its amalgam by the distillation of 
the mercury, readily bums in the air because of the great 
surface thus exposed to oxidation. 

Mackintosh was also of the opinion that much of the in- 
creased activity of the copper was due to its holding in loose 
chemical combination both carbon and hydrogen. Such a 
combination does not exist and the mechanism by which these 
elements are held in the copper is governed by physical rather 
than by chemical forces (adsorption). 

Mendel^eff* has described the results and conclusions of 
Schiitzenberger very inaccurately and was of the opinion that 
the modified form of copper was not allotropic but that it 
owed its unusual properties to occluded hydrogen or to the 
formation of a hydride. We will not discuss this statement 
finther than to point out that Schiitzenberger himself showed 
fairly conclusively that such cannot be the case and that the 
small amounts of hydrogen present do not play an important 
r61e. 

Schiitzenberger’s allotropic copper shows a striking re- 
semblance in nearly all its physical properties to the allo- 
tropic silvers prepared by Carey Lea.* By the reduction of 
silver tartrate with ferrous tartrate or of silver citrate with 
ferrous citrate, dextrine and other reducing agents, silvers 
were prepared which possessed very remarkable properties 
and existed apparently in many different and allotropic forms. 
By the first mentioned process in neutral or acid solutions. 
Lea obtained a form of silver’ that “exactly resembled me- 

> "Principles of Chemistry,” 2, 404. 

» Am. Jour. Sci., [3] 37, 38 (1899): 41, 42 (1891): etc. 

* Ibid., [3] 41, 179 (1891). 
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tallic gold.” A britf rdsum^ of the more striking properties 
of the gold-colored silver will be given. 

The deposit of metallic silver, after filtering and washing, 
was of a golden color and by further washing with water con- 
taining one percent of Rochelle salts changed to a reddish 
or coppery gold. The dried lumps of metal were lustrous 
and mirrors formed upon glass were, when dry, op'tically con- 
tinuous. The allotropic metal was exceedingly brittle and 
pulverulent and, ground in a mortar, gave a fine powder of 
ordinary silver. 

The yellow silver was readily transformed by the action 
of heat into the ordinary white form. Contact with mineral 
acids and with certain salt solutions caused a like transforma- 
tion which was also readily induced by shock and the high 
tension spark discharge from a Leyden jar. The density was 
very much less than that of ordinary silver. The yellow 
allotropic silver invariably contained from two to five percent 
of iron, carbon and hydrogen and other impurities, depending 
upon the substances present during its reduction. 

The extraordinary similarity between the yellow ‘‘allo- 
tropic'’ silver of Lea and the copper of Schiitzenberger will 
be made more evident by consideration of the physical prop- 
erties of the latter substance. Its color was that of certain 
bronzes and it was exceedingly brittle and pulverulent. By 
contact with dilute mineral acids or with strong acetic acid it 
was slowly changed to the ordinary form of copper and this 
same transformation could be brought about by subjecting 
the substance to moderately high temperatures. The de- 
posits of acetate-copper contained carbon, hydrogen and copper 
oxide as irremovable impurities. The density was abnormally 
low. 

Lea’s yellow silver was more active chemically than the 
ordinary form of the metal. In dilute hydrochloric acid the 
so-called ‘‘gold-colored allotropic silver” was changed to a 
mixture of normal ‘‘white” silver and silver chloride — are- 
action which takes place only to a very slight extent with 
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fine filings of the normal metal. E. A. Schneider* entirely 
confirmed Lea’s observation. 

Benedicks’ acetate-copper possessed a very low electrical 
conductivity, which could be increased very greatly by sub- 
jecting the metal films to heat, as we have seen on a previous 
page. But it was shown by Faraday^ in the case of mirrors 
of coUoidargold, that such films of colloidal metals, though 
optically quite homogeneous, nevertheless offered extraordi- 
narily high resistance to the passage of an electric current 
and hence must have been composed of innumerable small 
particles of metal in more or less imperfect contact. Barus 
and Schneider® measured the resistance of films of Lea’s 
silver and found them non-conducting, or nearly so, because 
of the great contact resistance between the particles. The same 
phenomenon was studied by Liidtke^ who found that the elec- 
trical conductivity increased as the mirrors were allowed to 
age, a very strong indication that in the course of time, the 
particles coalesce and reduce the contact resistance. 

On heating gold-colored allotropic silver to i8o° Centigrade 
Carey Lea® found that it was no longer easily pulverizable 
in a mortar. Heat has the same effect upon acetate-copper 
and the change is to be ascribed to the coalescence of the parti- 
cles under the influence of heat. 

A summary of certain of the points of similarity between 
the so-called allotropic forms of silver and copper will be given 
at this point. 

(i) The color of the allotropic forms is distinctly different 
from that of the normal metal. The color of Lea’s silvers 
may be almost anything depending upon conditions- — yellow, 
golden or coppery colors predominate. Schtitzenberger’s 
copper was brownish or bronze-like. 


‘ Ber. chem. Ges. Berlin, 25, 1440 (1892). 
2 Phil. Mag., [4] 14, 407, 512 (1857). 

5 Zeit. phys. Chem., 8, 278 (1891). 

* Wied. Ann., 50, 678 (1893). 

* Am. Jour. Sci., [3) 41, 179 (1891). 
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(2) The apparent specific volume is in both cases greater 
than that of the normal metal;- that is, the density is less. 

(3) The electrical conductivity of the modified form is 
very much less than that of the ordinary form and is increased 
in both cases with age and heat. 

(4) Both modified forms are easily reduced to an impalpa- 
ble powder by grinding in a mortar. 

(5) In both cases, the allotropic modification is con- 
verted more or less easily into the normal form by a variety 
of agencies, such as heat, light, ageing, contact with dilute 
acids and salt solutions and so forth. 

(6) The chemical activity of both allotropic forms is 
very much greater than that of the ordinary metal. 

It is now universally conceded that Lea’s so-called allo- 
tropic silver owed its properties to its finely divided, colloidal 
condition and that the gold-colored form consisted, not of an 
allotropic modification, but of ordinary silver in the form of 
a hydrogel. In other words, no molecular rearrangement had 
occurred within the silver molecule — such a rearrangement being 
the only premise on which to base a condition of allotropy. 
Prauge,* Barus and Schneider,* and later, Garnett,* all came 
to the same conclusion, substantially as outlined above. 

“Allotropic” silver being colloidal and showing, in all 
respects, a perfect similarity to Schiitzenberger’s allotropic 
copper, there can be but one conclusion concerning this latter 
substance. Allotropic or acetate-copper is an electrically 
deposited hydrogel of normal copper. We shall now proceed 
to further proofs in support of this hypothesis and to an elab- 
oration of the idea in a somewhat unique manner. 

It now becomes necessary to account for the formation 
of colloidal copper by the electrolysis of acetate solutions. 
An aqueous solution of copper acetate on standing or, more 
rapidly, when heated (cf. Schiitzenberger’s directions) be- 

^ Rec. Trav. chim. Pays-Bas, 9, 126 (1890). 

* Zeit. phys. Chem., 8, 278 (1891). 

® Phil. Trans., 205, 237 (1906). 
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comes partially hydrolyzed with the production of an insoluble 
basic acetate or of cupric hydroxide. 

A portion of this may be precipitated; the remainder 
will stay in suspension. On electrolyzing such a solution, 
if it contains a sufficient quantity of free acetic acid, the sus- 
pended hydroxide of copper will assume a positive charge, 
wander by cataphoresis to the cathode and there concentrate, 
it having been shown by Perrin* and confirmed by (as yet un- 
published) work in this laboratory that oxides or hydroxides of 
the heavy metals suspended in acid solutions assume a posi- 
tive charge and wander with the current to the cathode. Many 
of the organic emulsion-colloids behave in a similar manner 
and become positively charged in weakly acid suspension. 

Muller and Bahntje* have confirmed these statements 
in a most conclusive manner by certain experiments upon 
the effect of organic colloids (emulsion-colloids) in the electrol- 
ysis of copper-sulphate solutions. They advanced the idea 
that copper, while being deposited at the cathode during 
electrolysis, is at first in a colloidal condition and, if a suitable 
protecting colloid be present, this condition will be maintained 
to a greater or less degree, depending upon the colloid employed 
in the solution. Thus copper, from sulphate solutions con- 
taining gelatine, has a structure indicative of very finely crys- 
talline structure and has a low specific gravity because of the 
organic matter carried down with it during its formation. 

Finally, unless the organic colloid is present at the cathode 
during the separation of the copper, no change in the appear- 
ance and structure of the metal can be detected. 

The formation of colloidal copper by the electrolysis of 
copper acetate is due to the action of the inorganic colloid 
present in the solution and concentrating by cataphoresis 
at the cathode. The gelatinous copper hydroxide or basic 
acetate forms a “protecting” layer about each particle of 
copper and, by preventing the coalescence of these particles, 
maintains the metal in the form of a solid gel. 

‘ Jour. Chim. Phys., 2, 601 (1904). 

* Zeit. Elektrochemie, 12, 317 (1906). 
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Silver, again, furnishes us with interesting comparisons. 
Paal* pil'epared colloidal silver by the combined reducing and 
protecting action of prot- and lys-albinic acids, the albuminous 
substance forming the films about the metal particles. Han- 
riot* found that the oxide of iron present in Lea’s golden silver 
formed an integral part of the silver molecules; in other words, 
present as the gelatinous hydrate, the iron plays a r61e ex- 
actly analogous with that of the albuminoid bodies present 
in Paal’s silver. 

Copper is not unique in forming a colloidal deposit at 
the cathode during the electrolysis of certain of its salts. 
Vogel* obtained a form of silver deposited upon a platinum 
cathode which tended to the formation of a colored powder 
(compare Lea’s silvers). By the electrolysis of silver nitrate 
containing gelatine, Snowdon'' obtained a yellow and a purple 
deposit of colloidal silver on a rotating cathode and his experi- 
ments have been repeated in the course of my investigations. 
The same experimenter, in this laboratory, has studied* 
the effect of gelatine upon the natm-e of the lead deposited 
upon stationary and rotating cathodes from lead acetate solu- 
tions and in every case the organic colloid if it concentrates 
at the cathode, causes the metallic deposit to assume a more or 
less finely crystalline or colloidal form. 

In Schiitzenberger’s electrolysis, no organic substance 
was added to the solution, the colloid, as has been stated, 
being a product of the hydrolysis of the electrolyte. That 
such a “protecting” colloid actually exists in the solution 
can be shown by the following interesting experiments. 

It has been shown by Quincke,* Bechold, Pickering,^ 
and others in the case of the well-known emulsions of oils 

' Ber. chem. Ges. Berlin, 35, 2206, 2224 (1902), 

* Comptes rendus, 137, 122 (1903). 

* Pogg. Ann., 117, 316 (i86x). 

* Jour. Phys. Chem., 9, 392 (1905)- 

* Ibid., 10, 500 (1906). 

* Cf. Freundlich: ‘^Kapillarchemie,” 459 (1909). 

^ Jour. Chem. Soc., 91, 2001 (1907); Zeit. Kolloidchemie, 7, ii (1910). 
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in soapy water, that the oil is present as a highly dispersed 
phase in drops suspended in the water containing the soap. 
Bach drop of oil is surrounded by a viscous film or membrane 
of soap, the attraction between the drops is reduced to a mini- 
mum^ and a more or less stable and permanent emulsion is 
formed. The soap functions as a protecting colloid and by 
violently shaking an oil, such as kerosene or benzene, in water 
containing sodium oleate as the soap, emulsions may easily 
be obtained consisting of 99 percent by volume of benzene 
and I percent by volume of a one percent solution of sodium 
oleate. 

With these results in view, we are justified in using 
the emulsification test, in the case of a pure substance such 
as benzene as an indication of the presence in a liquid of a 
protecting colloid. A positive^ test indicates without doubt 
that such a substance is present; a negative test, however, 
is of little value for the reason that many colloids do not act 
as emulsifying agents save under very special conditions. 

The emulsification test for detecting the presence of a 
protecting substance in suspension was first applied to an 
aqueous solution of ferric acetate. Pure benzene was added 
to an approximately 5 percent solution of ferric acetate 
contained in a stoppered bottle and the whole vigorously 
shaken until an emulsion was formed. By adding the benzene 
in small quantities at a time and by thoroughly shaking after 
each addition, a product was finally obtained which had the 
consistency of blanc- mange, possessed an opaque brown 
appearance and could be kept without marked change of 
structure for at least a week. The product possessed all 
the properties of the typical emulsions of benzene formed 
in presence of soap (sodium oleate). 

Obviously, the conclusions to be dravra from the above 
experiment are that an emulsif)dng substance is present in 
the ferric acetate solution and that this substance must be 
a product of the decomposition of the iron salt, for it is hard 

‘ Cf. D9nnan: Zeif. phys. Chem., 31, 42 {1899). 
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to see how the acetate itself could so function. It is a well- 
known fact that the iron salts are strongly hydrolyzed in aque- 
ous solution, with the production of a hydrated oxide of iron 
which possesses a marked tendency to remain suspended in 
the solution. By the dialysis of a freshly boiled and dilute 
solution of ferric chloride or by similar treatment of a more 
concentrated solution of ferric acetate, very characteristic, 
red suspensions of ferric oxide may be prepared with great 
ease. It is this gelatinous substance, suspended in the ferric 
acetate solution, that forms th6 films about the drops of benz- 
ene and gives rise to a typical benzene-in- water emulsion. 

Having applied the emulsification test with such marked 
success to the case of hydrolyzed ferric acetate solutions, 
it was next employed as a measure of the “protecting” action 
of the hydrated copper oxide present in a copper acetate solu- 
tion. As copper oxide shows a very much smaller tendency 
to remain in suspension than does iron oxide, it w'as expected 
that the emulsification of benzene would be only jjartial; such 
was the case when the experiment w'as performed. On shaking 
benzene with a five percent cupric acetate solution, however, 
a very distinct emulsion was formed, and the drops of benzene 
did not completely coalesce until several days had passed. 
While the test was not nearly so striking as that with the iron 
solution it was quite sufficient as an indication of the actual 
existence of a gelatinous “protecting” substance such as was 
postulated on a previous page. The results justify the state- 
ment that a gelatinous, colloidal oxide (or hydroxide) of copper 
exists in copper acetate solutions and that this undoubtedly 
exerts a definite effect in the solution, similar in every respect 
save that of magnitude, to the effect of iron oxide, sodium 
oleate or gelatine. The extraordinary action of gelatine 
furnishes the theme for the second part of this paper. 

Since the mode of preparation and the great similarity 
to other established colloidal forms of metals make it evident 
that Schutzenberger’s acetate-copper was normal copper in 
the condition of a hydrogel, it remains only to show w^herein 
some of the more peculiar properties of the substance serve 
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to further the above-mentioned hypothesis. Low specific 
gravity, low electrical conductivity, great brittleness and 
marked chemical reactivity are the usual accompaniment 
of a state of colloidal subdivision. The effect of strong mineral 
acids, very strong acetic acid and heat is to cause a coagula- 
tion of the particles and, as a result, conversion to normal 
“red” copper. 

The presence of the very noticeable amounts of copper 
oxide in Wiedemann’s deposits can be explained by three 
processes: (i) The oxidation of the deposit, (2) the adsorp- 
tion of copper oxide from the solution, and (3) the presence 
of copper hydrate films about the copper particles. More 
wUl be said of this second important property in the second 
part of this paper. 

The presence of acetic acid in the copper is due no doubt 
to its adsorption from the slightly acid solution and to its 
presence as basic acetate which may serve as the insoluble 
substance in the colloidal films. As the copper deposits age, 
we should expect a certain amount of change from the colloidal 
to the normal form of the metal, and this would certainly be 
attended by a volume-shrinkage. This accounts very well 
f(Mr the observations of Benedicks with regard to the cracking 
of the deposit and resulting expulsion of small amounts of 
acetic acid. 

Under certain conditions the colloidal gel of copper 
is spontaneously changed to red copper with a considerable 
evolution of heat. Colloidal silver evolves considerable 
heat in changing to the normal white form.‘ 

The peculiar action of this form of colloidal copper upon 
dilute nitric acid is a result of the extreme state of subdivision 
in which the metal exists. The reactivity being greatly 
intensified, it is but natural to find it combining with much 
weaker acid solutions than are able to bring about chemical 
reaction with ordinary copper. Normal copper gives a mix- 
ture of nitric and nitrous oxides (including nitrogen) when 

* Prange: Rec. Trav. chim. Pays-Bas, 9, 121 (1890). 
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dissolved in nitric acid, nitric oxide largely predominating. 
But Sabatier and Senderens* have found that copper in the 
finely divided state is readily oxidized by nitric oxide and 
nitrous bxide is so formed. With ordinary sheet copper 
this reduction of nitric oxide does not take place. When 
“allotropic” copper was placed in dilute nitric acid a brown 
or black discoloration was seen by Schiitzenberger, which 
was probably cupric oxide produced by the reduction of the 
nitric oxide, at first formed. When sheet copper dissolves 
in the same acid, no brown layer is formed and nitric oxide 
is the chief product. Thus the nitrous oxide is formed by 
the reduction of nitric oxide by colloidal copper. 

Summary 

Schutzenberger’s “allotropic” copper has been described 
and the literature on the subject reviewed in detail. 

The idea of “allotropy” held by Schutzenberger and the 
“solid-solution” theory of Benedicks have been criticized 
and rejected. 

By analogy with other known colloidal forms and by its 
behavior and preparation, the so-called allotropic copper 
has been shown to be a colloid hydrogel of the normal metal. 

The formation of colloidal copper by the electrolysis of 
copper acetate solutions has been explained by postulating 
the existence in such solutions of a gelatinous, colloidal sub- 
stance, probably copper hydroxide, formed by hydrolytic 
decomposition. 

That such a “protecting” colloid actually exists has been 
shown by emulsification experiments with benzene. 

Every property of Schutzenberger’s allotropic copper 
and Benedicks’ acetate-copper can be explained on the basis 
of the above theory. 

PART II— BLUE GELATINE-COPPER 

Copper and the copper alloys such as brass and the 
bronzes lend themselves very readily to artistic decoration 


' Comptes rendus, 114, 1429 (1892)- 
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by means of colored superficial films or “patinas.” Great 
as is the variety of hues which may thus be imparted to copper, 
it is a remarkable fact that a rich, permanent and true blue 
patina for this metal is practically unknown. It was while 
seeking such a blue surface film that the electrolysis of copper 
acetate solutions containing gelatine was first performed. 
One gram of gelatine was dissolved in about 325 cc of a one 
percent solution of cupric acetate and this mixture electro- 
lyzed between carefully cleaned and burnished electrodes of 
sheet-copper. The electrolysis was allowed to proceed for 
about five minutes with a cathode (and anode) current density 
which varied from 0.15 to 0.45 ampere per square decimeter 
in the different experiments. The deposition was carried 
out at room temperature. 

Great care was exercised in preparing the electrodes 
employed throughout the work, in order that they might be 
absolutely free from grease. The cleaning was done by first 
“pickling” the electrodes in warm caustic alkali solution and 
by following this treatment with a short immersion in nitric 
acid diluted with its own volume of water. After being 
thoroughly rinsed and dried, the electrodes were then burnished 
with a rotating burnisher until a fairly good polish was ob- 
tained. 

The electrolysis performed, the cathode was found to 
be covered on its inner surface with a thin, pale brown deposit, 
which under the fingers possessed a peculiar slippery surface 
due, no doubt, to the deposition of a certain amount of gelatine 
with the metal. On prolonging the electrolysis for five min- 
utes a noticeable amount of tlie gelatine was deposited at 
the cathode; indeed the film was no longer adherent and could 
be scraped off the surface of the electrode. No gas was given 
off at either pole. 

In itself, this pale brown cathode deposit gave no indi- 
cation of its peculiar properties, and it was by chance only 
that these were discovered. An electrode, freshly coated with 
a layer of the gelatine-copper, was by an oversight allowed to 
remain in the solution of copper acetate from which the film 



Electrochemical Production of Colloidal Copper 301 


of metal had just been deposited and the current was turned 
off. On removing the electrode from the solution, it was 
noticed that the brown color originally possessed by the cathode 
film had given place to a purplish blue of extraordinary bril- 
liance and beauty. This led to further experiments. 

A second electrode was then coated with gelatine-copper 
and, after careful rinsing in cold water, immersed in a five 
percent solution of cupric acetate. A most beautiful and 
startling phenomenon was the result. For straightway there 
ensued a remarkable series of color changes upon the surface 
of the copper deposit; hues of marked evenness and color- 
intensity followed each other in regular succession until the 
electrode had acquired a magnificent deep blue coloration. 
On continued immersion this blue color gradually faded to a 
pale blue or to an olive-green, after w'hich no further changes 
were to be seen. This process we shall speak of as a “ develop- 
ment,” since it bears a certain resemblance to the develop- 
ment of the silver image in photography. The color changes 
occur in the following order : 

1. Original ])ale brown 

2 . Golden brown 

3. Reddish purple 

4. Purple 

5. Blue 

(1. Light blue 

7. Final pale blue or olive-green 

This color-development in copper acetate is an exceedingly 
beautiful phenomenon and can be stopped at any desired 
point by means of careful manipulation. The speed of the 
color-development increases rapidly with an increase in the 
temperature of the developing solution and varies under the 
influence of otlier and seemingly uncontrollable factors, of 
which more will be said later. 

Of the colors mentioned in the table given above the blue 
is by far the most interesting. This color can be prepared 
of great purity and brilliance but unfortunately is exceedingly 
instable. In course of time when exposed to the air, the blue 
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patina loses its beauty and a pale blue-gray or a drab (^ve- 
green effectively hides all vestiges of the original splendid 
color. If the electrode, bearing its blue film, is heated in an 
air-oven at i8o® Centigrade or is gently and cautiously warmed 
over a Bunsen flame the blue color is also destroyed and a 
peculiar greenish gray film (doubtless copper oxide) is formed. 
This latter film completely hides the normal copper color of 
the metal and has remained imchanged for over a year. 

A “ water- white ” collodion lacquer was then applied 
to the blued copper with the hope that this would prove a 
cure-all for these troubles and effectually protect the delicate 
patina. But intense as is the blue reflection from the colored 
film, nevertheless the lacquer robbed it of much of its brilliancy 
and reduced it to a dull, paint-hke coating of an indigo-blue 
shade. The lacquer possessed the added disadvantage of 
accentuating any red that might happen to be admixed with 
the blue. 

The electrodes that have been covered with the “devel- 
oped” film of gelatine-copper require the most careful 
treatment at all times. Careless handling with moist or soiled 
fingers is quite sufficient to ruin the beauty of the patina, and 
immersion in practically any salt solution leads to similar 
detrimental results. Dilute solutions of mineral acids and 
bases instantly destroy the blue color of these films and gener- 
ally displace the blue with a more or less even shade of bfown. 

. (a) The Effect of Gelatine— the Proteetingr Colloid 

A I percent solution of cupric acetate containing no 
gelatine was electrolyzed under the conditions employed in 
preparing gelatine-copper. The cathode deposit was dark 
brown in color, possessed a granular structure and gave only 
traces of blue color-development in copper acetate. The 
deposit was identical with the “allotropic” copper of Schut- 
zenberger which we have discussed at length in the first part 
of this paper. 

Gelatine in the required amount was then added to this 
acetate solution and the electrolysis repeated. The usual 
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pale brown cathode film was formed and the results on de- 
velopment were completely satisfactory. Gelatine was the 
determining factor in the process of the film formation. 

The concentration of gelatine in the electrolyte was varied 
between fairly wide limits without any very striking results; 
there is, however, an optimum concentration of gelatine 
which will give the best results. The following summary of 
results show this : 

1. With little or no gelatine the cathode deposits were 
identical with those of Schiitzenberger and were not develop- 
able to an even blue color. 

2. If the concentration of gelatine lay between 0.25 and 
0.66 percent the cathode films were even and translucent 
and developed a beautiful blue color in copper acetate. 

3. If the gelatine exceeded one percent in concentration, 
the deposit was unsatisfactory and gave no development in 
copper acetate solution. In this latter case the gelatine mi- 
grated by cataphoresis to the cathode and was precipitated 
with the copper to such an extent that there resulted a non- 
adherent and sticky mixture of gelatine, copper oxide and 
metallic copper. 

The r61e of gelatine in the process of forming these de- 
velopable films was shown in a second and more interesting 
manner. Burnished copper and platinum electrodes were 
dipped in a hot, concentrated gelatine solution, and then dried. 
Thus treated, a portion of each electrode became coated with 
a hard, thin and perfectly transparent film of gelatine and 
the electrodes were then used as cathodes in a solution of cupric 
acetate containing no gelatine. They were immersed to such 
a depth that both the gelatine-coated surface and the clean, 
uncoated metal came in contact with the solution. After 
electrolysis, it was found that a brown, granular deposit of 
copper had formed on the free surface of the electrode and 
that this deposit was identical with the ordinary films obtained 
from gelatine-free solutions. On the other hand, on that part 
of the cathode which was covered with the gelatine layer, 
the usual film of gelatine-copper had been deposited and this 
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deposit, immersed in copper acetate developer, soon showed 
the usual blue color-reaction. The results, while not nearly 
so perfect as those obtained in the usual manner, nevertheless 
showed in a striking manner the importance of gelatine in 
modifying the nature of the cathode film. 

Having become convinced of the important part played 
by gelatine in the process, we naturally expected a similar 
result with other colloidal substances. Starch and gum arabic 
were used but the results were negative; the copper film gave 
little or no blue color in the developing bath of copper acetate. 
In the case of soluble starch, a certain degree of development 
actually was noticed but it was not in the least comparable 
with that of gelatine-copper. Albumen, which might have 
given better results, was flocculated by the copper acetate 
electrolyte and could not be used. 

It was thought that the failure of starch to give better 
results was due to the fact observed by Miiller and Bahntje' 
that starch in copper sulphate migrated to the cathode only 
in strongly acid solutions and hence only under these special 
circumstances did starch modify the structure of their cathode 
deposits. Copper acetate w'as then made strongly acid with 
acetic acid, starch was added and the electrolysis performed. 
In the case of soluble starch the acid had a slightly beneficial 
effect, but the results were quite disappointing. Doubtless 
the acid, while causing a migration of the starch to the cath- 
ode, at the same time tended to coagulate the gel of colloidal 
copper and so, by its action on the metal, neutralized the ad- 
vantage gained by its effect on the starch. 

(b) The Effect of Temperature Variations 

As already stated, the best results were obtained in the 
process by maintaining the electrolyte at room temperatures, 
or between 20 and 25 degrees Centigrade. By prolonged 
heating to temperatures above 60° C. the copper acetate 
solutions are hydrolyzed to a large extent and deposit basic 


Zeit. Elektrochemie, 12, 317 (1906). 
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acetates and oxides of copper. When a freshly prepared 
bath of acetate and gelatine wad electrolyzed at 50° C. and 
with a current density (cathode) of about 0.3 ampere per 
square decimeter, the results were entirely different from 
those obtained at the lower temperatures. At first, a golden- 
yellow film spread out over the electrode but as the electrolysis 
proceeded, this gave way to a bright red or red-brown layer 
containing gelatine and cuprous oxide. Under certain condi- 
tions this layer could be peeled off from the body of the elec- 
trode and, by examination, proved to be highly translucent. 
After about ten minutes, the cathode was covered completely 
with a bright red layer; on longer electrolysis the red was 
displaced by brown. A second and freshly prepared acetate- 
gelatine solution gave, after five minutes’ electrolysis on a 
w'ater-bath at 85° C, a very beautiful salmon-pink film on a 
cathode of copper. 

A one percent solution containing one-half percent of 
gelatine w'as then electrolyzed with the exceedingly small 
current density of o i ampere per square decimeter and at 
57°-6 o ° Centigrade. After ten minutes the cathode had 
received a very beautiful shade of gold. At temperatures 
above 60° C the gold became distinctly redder and if the 
electrolysis w'as continued for an hour or so, a splendid red 
coloration was the result. None of these gold, salmon-pink 
or red films are affected in the least by attempted development 
of copper acetate solutions. 

These re.sults may be summed up as follows: Up to 
35° C or thereabouts, electrolysis of copper acetate-gelatine 
solutions gives a brownish film of copper at the cathode which 
develops a blue surface coloration in copper acetate solutions. 
Under the same conditions of time and current density, at 
temperatures between 50° and 90° the cathode deposit is red 
in color and does not lose this color by development in copper 
acetate. With very low current densities and at temperatures 
lying between 55° and 60°, a short electrolysis gives a golden- 
colored film, w’^hile longer electrolysis leads to the red modifica- 
tion. As the acetate is hydrolyzed and the gelatine decomposed 
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by prolonged heating, the colors of the cathode film become 
less beautiful and brown colors predominate. 

These red deposits can be lacquered and when so pre- 
served have kept their color unchanged for over a year. The 
golden-colored sheets become brownish gold on standing and 
then exhibit an iridescent appearance, the golden color being 
perhaps the result of thin-film colorations (cf. Nobili’s rings), 
(c) The Nature of the Electrolyte 

There now arose the question as to whether or not other 
copper salts could be employed in this electrolysis in place 
of the copper acetate that had been used up to this time. 
Accordingly one, two and five percent copper sulphate 
pentahydrate solutions were prepared and gelatine added in 
varying proportions. The results upon electrolysis presented 
nothing striking; the deposit was copper in its usual form 
with a more or less burnished appearance (due to its finely 
crystalline structure) and not the least trace of blue develop- 
ment in either copper acetate or sulphate solutions was 
noticeable. 

A two percent solution of copper formate containing 
gelatine was next used and a light brown cathode deposit 
resulted. This film underwent a fairly good development 
in both copper formate and acetate, but the effects were less 
satisfactory than those obtained with the acetate solutions. 

Copper propionate was then prepared by decomposing 
copper carbonate with hot aqueous propionic acid, filtering 
the blue liquid thus obtained so as to remove the excess of 
carbonate, and allowing the copper propionate to crystallize 
out on cooling and slow evaporation. Using one percent solu- 
tions of copper propionate with gelatine, a cathode deposit 
was formed which was similar in every respect to the gelatine 
copper obtained from the acetate solutions. All the films 
developed a good, even, blue shade in copper propionate and 
acetate solutions. 

Copper glycollate was prepared from the carbonate and 
glycollic acid but, owing to its slight solubility in water, nega- 
tive results were obtained. 



Electrochemical Production of Colloidal Copper 307 


Copper chloride and nitrate gave results similar to those 
with the sulphate; it is thus necessary to use the copper salts 
of the lower fatty acids to obtain developable gelatine-copper 
films. 

(d) The Concentration of the Electrolyte 

Returning once more to the use of acetate solutions 
it was discovered that the best results were obtained with one 
or two percent solutions of the copper salt. Very dilute solu- 
tions, caused a troublesome evolution of hydrogen at the 
cathode; saturated solutions gave rise to dark brown, non- 
adherent deposits. 

(e) Duration of the Electrolysis 

Under the standard conditions previously determined 
and described, five minutes was sufficient time for the prepara- 
tion of a satisfactory deposit. Prolonged electrolysis caused 
the copper to blacken and to become heavily coated with gela- 
tine concentrating at the cathode. 

(f) Effect due to Acidity of Electrolyte 

When acetic acid was added to the electrolyte, it was 
found that the films became lighter in color and gave poorer 
blues on development. With strongly acid solutions the 
development became very slight indeed. The electrolyte 
should be neutral or contain but a slight excess of free acetic 
acid. 

(g) The Nature of the Cathode 

The nature of the metal used as cathode is of little im- 
portance in this process as long as it does not in itself cause 
the decomposition of the copper solution. Thus, with nickel, 
brass and platinum good deposits of gelatine-copper were 
obtained and all these gave good blue colorations upon de- 
velopment. 

Quantitative Experiments 

The electrolysis of copper acetate solutions containing 
the usual quantity of gelatine was next carried out with a 
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carefully measured current and with carefully weighed elec- 
trodes. A copper coulometer was placed in series with the 
acetate cell and, using Faraday’s law as the basis of computa- 
tion, the cathode efficiency was determined. The solution 
employed contained 1.5 percent of crystallized cupric acetate 
and 0.6 percent of gelatine. The experiments were performed 
at room temperatures, the developments at 30°-35° C. 


(a) With a Cathode or Sheet-Copper 


Coulometer 

gain 

Gram 

Test cathode gain ; 
Crram 

Efficiency 

Percent 

i 

Weight change on de- 
velopment 

Gram 

0.0198 

0 023 T ! 

..7 ; 

-fo oooS 

0.0125 i 

0 0160 ; 

128 : 

— 

0 . 0203 

0 0283 ' 

139 1 

— 0 . 0043 

( 1 )) With a Cathode 

OF vShEET-Pe.\TINUM 

Coulometer ! 
gain 1 

Gram | 

1 

Test cathode gain 1 
Gram 1 

1 

Efficiency 

Percent 

Weight change on de- 
velopment 

Gram 

0.0251 

o 0340 i 

13 1 

— 0 . 0047 

00313 

0 0376 i 

120 

— 0 . 0007 


0 0140 I 

— 

— -0.0005 

The numbers in the first column are the weights in grams 


of the copper deposited upon the coulometer cathodes while 
those of the second column show the corresponding gain by 
the test-cathodes in the acetate solution. The cathode effi- 
ciency is shown in the third column and the changes in weight 
occasioned by careful development of the test cathodes consti- 
tute the fourth column. 

It is evident from the data so obtained that the deposit 
from the gelatine-acetate solution is distinctly abnormal. 
The high efficiency calculated for the cathode deposition is, 
of course, meaningless as the deposit was certainly contami- 
nated with gelatine, oxide, acetic acid or copper acetate. 
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After electrolysis the gelatine was present upon the deposit 
in a visible layer and was removed by careful rinsing in cold 
water before the electrode was weighed. 

The weight changes upon development are small and show 
nothing. The high loss in weight in two experiments (over 
four milligrams) may have been due to incomplete removal 
of gelatine from the electrodes before they were weighed to 
determine the cathode efficiency. 

These experiments are vitiated by the errors met with 
in handling such small quantities of a very instable substance, 
possessing enormous surface and an undoubted tendency 
towards oxidation and the adsorption of cupric oxide and 
gelatine. 

The Development of the Blue Color 

We have seen that the copper deposited by the electric 
current from certain copper solutions containing gelatine pos- 
sesses the striking property of developing a remarkable blue 
coloration in aqueous solutions of these same copper salts. 
This development is equally good in both acetate and pro- 
pionate solutions while the formate gives a decidedly less 
satisfactory result, the blue color being duller, thinner and less 
evenly distributed over the surface. The presence of gelatine 
in the developing solution is of no effect and plays no dis- 
coverable part in the rather mysterious process of develop- 
ment. 

The effect of temperature upon the rate of development 
was then studied. The cathode films w^ere prepared under 
constant conditions and w'ere then developed in saturated 
copper acetate solution at v^arious temperatures. The de- 
velopment was continued until the same shade of blue was 
visible upon each copper electrode and the time required for 
this to occur was determined with a stop-watch. Electrolyte 
A contained 3 grams of copper acetate, i gram of gelatine 
and 325 cubic centimeters of distilled water. Electrolyte 
B contained 4 grams of acetate, i gram of gelatine and 325 
cubic centimeters of distilled water. The data follow ; 
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Copper prom 


Temp, of developer 


i7.5“C 

20.0° C 
24.0° c 
28.0° C 
3io°C 

34 0 °C 


Electrolyte A 


Time required 

420 sec. 

1 80 sec. 

1 10 sec. 

65 sec. 

50 sec. 

40 sec. 


Copper from Electrolyte B 


Temp, of developer 


Time required 


23° c 
28° c 
.33° C 
38° C 

45 ° C 


300 sec. 
140 sec. 
90 sec. 
60 sec. 
40 sec. 



These data show that the rate of development increases 
very rapidly with a rise in the temperature of the developing 
solution. They also make prominent the fact that very small 
differences in the concentration of the electrolyte apparently 
have a marked effect upon the reactivity of the gelatine-copper. 
Indeed, films prepared under seemingly identical conditions 
ofttimes have displayed extraordinary differences in rate 
and nature of development in the same acetate developer. 
The experimental conditions are not easy to control. 

The concentration of the developer has an uncertain effect, 
good development being obtained in both weak and strong 
solutions of acetate. With weak solutions the development 
is rapid but gives rise to thin and uneven colors. A five 
percent solution has usually been employed in this work. 

The nature of the salt employed as a developer was next 
studied. A very great number of salts were used in aqueous 
solution but in no instance was a blue development noticed 
except in the following cases. Normal copper sulphate solu- 
tion was carefully neutralized with ammonium hydroxide 
and used as a developer for gelatine-copper deposited from 
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an electrolyte made up of 325 cubic centimeters of i .5 percent 
copper acetate and i gram of gelatine. A blue-black colora- 
tion ensued and the film on immersion in warm dilute hydrazine 
hydrate gave distinct evidences of the presence of copper 
oxide. With an eighth normal solution of copper sulphate 
the development was better and a dull but distinctly blue 
color was obtained from the warm solution. A control ex- 
periment with 5 percent copper acetate gave a magnificent 
blue. A mixed developer of 50 cc of N/5 K^SO^ and 50 cc 
of 5 percent copper acetate gave a much duller and darker 
color. 

These experiments show that development of gelatine- 
copper does occur to a limited extent in copper sulphate solu- 
tions. 

In fiftieth normal sulphate developer the blue color was 
fairly bright and evenly distributed, although the develop- 
ment required the high temperature of 45°-50° C. In none 
of the experiments with sulphate developers, however, were 
the gorgeous colors of the acetate developers obtained. 

The failure of the sulphate solution to give the best re- 
sults must be ascribed to the presence of the SO^ ions and per- 
haps a trace of free H^SO^. This is borne out by the fact 
that the mixed potassium sulphate-copper acetate gave re- 
sults little better than those obtained with copper sulphate, 
while potassium acetate had little effect upon copper acetate 
developer in retarding the coloration. Previous treatment of 
the film of gelatine-copper with very dilute 11 , 80 ^ also pre- 
vented the formation of the blue patina. 

Fifth normal copper nitrate at both room temperatures 
and at 40° C gave a black surface coloration to the copper 
film. In this case it is certain that the nitrate acted as an 
oxidizing agent, and that nothing more than brown or black 
cupric oxide resulted. Copper chloride gave no blue develop- 
ment. 

Sodium and potassium acetate solutions of various con- 
centrations gave not the smallest trace of blue surface colors 
nor did solutions of acetic acid alone. Hence we cannot 
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ascribe the color development to the acetate anions of the 
copper acetate — a copper salt is essential. 

But is the blue color the result of an oxidation process? 
Various oxidizing solutions, such as potassium dichromate, 
permanganate, perchlorate, chlorate and persulphate, were 
employed as developers without the formation of a trace of 
blue color. A dirty brown discoloration of the film was the 
usual result, especially if the solutions were warmed to 50° C. 
A series of hydrogen peroxide solutions w'ith a wide concen- 
tration range also afforded no indications of development. 
We are thus assured that the blue coloration is not simply 
and solely an oxidation process. 

Reducing solutions gave negative results. The film 
of gelatine-copper was unaffected, by dilute, warm, hydrazine 
hydrate solution and underwent accelerated blue develop- 
ment in copper acetate after such treatment. 

Contact with dilute solutions of mineral acids decreased 
the activity of the gelatine-copper toward copper acetate 
developer. About one-half of the surface of a film of gelatine- 
copper was immersed for a short time in tenth normal hydro- 
chloric acid, the treatment resulting in a slight cloudy dis- 
coloration of the clear browniish layer. The w'hole film w’as 
then immersed in the usual copper acetate developer. A 
bright even blue color developed upon the surface that had 
not been treated with the hydrochloric acid; wherever the acid 
had been in contact with the deposit the developments were 
poor and uneven. 

In stronger hydrochloric acid solutions the deposit took 
on a yellow-brown color which on standing, even under a 
collodion lacquer, became iridescent in appearance. Stronger 
nitric acid solutions turned the deposit into a non-adherent 
dark brown form while solutions of arsenic trioxide gave 
rise to an almost black coloration. 

All of these observations make it evident that the gelatine- 
copper is very sensitive indeed to the action of almost any 
substance and solution but that the blue color-reaction can 
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be brought about only in solutions of copper acetate, propionate 
or formate or to a less degree in dilute copper sulphate. 

Reverse Development in Hydrazine Hydrate 

An electrode, covered with a layer of the deep blue 
copper, was immersed in a cold and dilute solution of hydrazine 
hydrate (5 to 10 drops of NjHjOH in 100 cc of water). In a 
short time bubbles of nitrogen began to rise from the blue 
surface and the color commenced to fade away, giving place 
first to a purplish red and then to a red. A golden brown 
color then overspread the surface until finally this disappeared 
and there was left the pale brown of the undeveloped gelatine- 
copper film. Indeed, this series of color changes was about 
the reverse of that exhibited during the usual process of de- 
velopment and will be termed '"reverse development." 

After the reverse development was completed, the 
electrode was rinsed in distilled water and once more immersed 
in copper acetate developer. The usual series of color changes 
occurred, the final product being a fairly good blue in color, 
even though a bit thin and uneven. 

Further experiments in this direction led to the conclusion 
that in the powerfully reducing hydrazine solution the usual 
development could be reversed. The gelatine-copper so treated 
retained to a greater or less extent its property of turning 
blue in copper acetate. The obvious conclusion to be drawn 
from the.se experiments is that the process of reverse develop- 
ment IS a reduction. This point is of prime importance in 
this investigation as it leads to an explanation of these phenom- 
ena which will be advanced later. 

Effect of Oxidation 

It was observed early in my experiments that a deposit 
of gelatine-copper, if dried and allowed to stand for an hour 
or longer exposed to the oxygen of the air, deepened slightly 
in color and completely lost its power of developing the blue 
color in copper acetate solutions. The colloidal, finely divided 
structure of the film being recognized, this striking decrease 
in activity was attributed to the “ageing” or coagulation 
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that colloid gels undergo upon standing and dehydration. 
In the case under discussion, however, while the “ageing” 
of the gel must be a factor, it is quite probable that the loss 
of developing power is due to the oxidation of the copper de- 
posit. This conclusion resulted from the following experi- 
ments: . 

A deposit of gelatine-copper was prepared in the usual 
manner and allowed to remain untouched for about fourteen 
hours. It was then treated with the acetate developer with- 
out the slightest color change and without any visible surface 
or internal change. On rinsing in water and immersing the 
electrode in dilute, cold hydrazine hydrate solution a very 
decided evolution of gas, presumably of nitrogen, took place 
from the surface of the deposit. The reduction completed, 
the clean electrode was dipped into copper acetate with an 
almost immediate development of a bright blue color. The 
power of development had been restored to the inactive gela- 
tine-copper by the reducing action of the hydrazine. On 
standing in the air the film of copper became transformed to 
cupric oxide and lost its power of development. 

A second electrode was coated with the copper film and 
treated with warm dilute hydrogen peroxide solution. The 
film turned a dirty brown and would not develop blue in 
copper acetate. The electrode was then dipped in hydrazine 
solution until no further reduction occurred, i. e., until the 
gas evolution ceased. On placing the film once more in the 
acetate developer, the copper deposit was given a fairly good, 
though uneven, blue color, showing, as before, that the power 
of development had been restored by the reducer. 

The Structure of the Films 

It now remained to investigate the structure of the blue 
film formed by development. Owing to the very small quanti- 
ties of substance deposited at the cathode and the impurities 
undoubtedly present, an analysis of the deposit was not made 
and would have shown little if it had been made. A micro- 
scopic examination of the blue surface by reflected light 
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revealed little save that the color was fairly continuous and 
homogeneous. 

A sheet of platinum was coated with an exceedingly thin 
film of vaseline and the usual layer of gelatine-copper de- 
posited. A fairly good blue was obtained on development. 
After being dried, the film of colored copper was easily re- 
moved from the platinum in little flakes, blue on their ex- 
ternal surfaces but possessing a bright copper reflection 
from the surfaces that had been in contact with the platinum. 
On being pulverized, a dark indigo powder was obtained. 
The coloration thus exists chiefly upon the surface of the films 
and not throughout their whole mass. 

Summary of Experimental Results 

The electrolysis of solutions of copper propionate, acetate 
and formate in the presence of gelatine gives rise to a peculiar 
form of copper at the cathode. 

This gelatine-copper, on immersion in certain copper 
solutions, undergoes a striking “development” with the 
formation of a series of colors, blue being the most charac- 
teristic. 

Evidences of development are given by dilute copper 
sulphate solutions, moderate development by copper formate 
and good development by solutions of copper acetate and pro- 
pionate. 

The blue coloration is due neither to a reduction nor to 
an oxidation of the gelatine-copper film. By oxidation the 
deposits lose their power of giving the color-reaction; by 
reduction in dilute hydrazine this power is restored. Oxi- 
dizing and reducing agents destroy the blue color of the de- 
veloped films and the same result is obtained by dilute acids, 
alkalies and salt solutions as w’ell as wdth heat, ageing and 
other means. In dilute hydrazine hydrate a blue film undergoes 
a reversal of the development. 

The blue seems to be largely a surface coloration. 

Under special circumstances, a red, brown or gold color 
can be imparted to copper, brass or platinum by making these 
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metals cathode in copper acetate solutions containing gelatine. 

PART III— CONCLUSION 
Gelatine>copper 

In the first part of this paper it has been shown that the 
“allotropic” copper of Schutzenberger was the normal metal 
in the modified physical form of a colloidal gel. The formation 
of such a gel was ascribed to the action of the gelatinous, 
hydrous copper oxide suspended in the acetate electrolyte. 

The second part of the paper dealt with the production 
of a similar deposit of copper upon the cathode during the 
electrolysis of copper acetate containing gelatine. To return 
again to the paper of Muller and Bahntje, it was shown that 
the presence of certain colloid bodies in copper solutions 
undergoing electrolysis may have a marked influence upon 
the copper deposited. The formation of the copper deposit 
is a cathodic process and, as a result, it is essential that the 
colloid substances should be present in appreciable quantities 
in the region of the cathode if they are to exert any influence 
upon the structure of the copper film. The direction of 
migration (cataphoresis) of the colloid particles must hence 
be from the anode to the cathode; if the reverse is the case, 
the colloid has little influence upon the cathode deposit. 
In neutral copper sulphate solutions starch did not concen- 
trate upon the cathode and did not affect the copper being 
formed there; but in more strongly acid solutions the starch 
moved to the cathode and modified the structure of the metal 
film. Gelatine, however, in solutions containing a trace of 
free acid, moved to the cathode and there exerted its peculiar 
influence. 

Copper formed by electrolysis from sulphate solutions 
containing gelatine has a burnished appearance, the result of 
the very finely crystalline nature of the deposit. This is due, 
say Muller and Bahntje, to the so-called “protective” action 
of the hydrophile colloid upon the metal particles, inhibiting 
the growth of the copper nuclei into larger aggregates. 

The rdle of gelatine in copper acetate solutions submitted 
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to electrolysis is similar to that played by gelatine in copper 
sulphate. In this case the copper comes out in an intensified 
colloidal form and does not give the least indication of crystal- 
line structure. There is thus formed a compact, irreversible 
gel of finely divided copper, containing gelatine and other ad- 
sorbed impurities. 

The Development 

To what is the blue coloration of gelatine-copper in copper 
acetate due? The answer to this question was not easy to 
find and was obtained mainly by a process of elimination. 

That the blue color is not the color shown by thin films 
is proven by the uniformity of the blue color upon uneven 
surfaces. Thus a coin or an embossed copper dish can be 
colored a very even blue by the application of the process. 
No iridescent effects are noticed. Examination of the blue 
surface under a microscope by light reflected upward from 
the surface, reveals the homogeneity of the colored film. 

Since tlie blue color is formed chiefly upon the surface 
of the copper deposit, it seems reasonable to exclude the 
possibility of a definite chemical reaction occurring between 
the gelatine-copper and the developer. If a chemical reaction 
were actually taking place we should be able to obtain equally 
good development in either the acetate salts of other metals 
or in other copper salts, such as sulphate, chloride, nitrate, 
etc. If a chemical reaction occurred, the whole cathode 
deposit would doubtless be converted into a blue layer with 
a distinct increase in weight, the reaction being necessarily 
between the copper in the cathode film and the copper as ion 
or the copper acetate itself. The change in weight of the 
film on development is small and uncertain, and at present 
gives little indication of the actual changes that may occur. 

It will be recalled that Wiedemann noted, in the case of 
the so-called allotropic copper, that it possessed the power 
of absorbing copper oxide from the solution of acetate from 
which it had been prepared. This observation, discussed in 
the first part of this paper, leads directly to a most plausible 
explanation of the development phenomenon. The hypothesis 
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is this: the color changes that take place on the surface of 
the gelatine-copper film during immersion in the developer 
are due to a surface adsorption by the colloidal copper of 
hydrous copper oxide or hydroxide from the solution. As 
already explained, the copper hydroxide is formed by the 
hydrolysis of the copper salt and is present in suspension to a 
greater or less degree depending upon the nature of the copper 
salt employed as developer. The weaker the acid combined 
with the copper the greater the degree of hydrolysis; thus 
the sulphate solutions are much less hydrolyzed than the form- 
ate and the latter is still less hydrolyzed than the acetate 
and propionate. The development may be considered as 
dependent upon the concentration of oxide or hydroxide 
in the developer; we should thus expect little development 
in sulphate solutions, better development in formate solu- 
tions, and the best results in either copper acetate or copper 
propionate. This prediction is confirmed by the experimental 
facts. 

These blue adsorption compounds of colloidal copper 
and copper 'oxide are analogous to the familiar adsorption 
compound of stannic oxide an’d gold known as the “Purple 
of Cassius.’’ Silver in suspension forms a similar compound 
and of late years the idea has gained credence that the different 
“ultramarines” are similar adsorption compounds containing 
sulphur or are solid suspensions of sulphur in sodium alurainate, 
borate and other bodies.* 

The reversal of development by hydrazine is due to the 
reduction of the copper hydroxide adsorbed by the colloidal 
copper, the latter being restored to nearly its original condi- 
tion. The redevelopment that can then be brought about 
in copper acetate is a repetition of the regular process of de- 
velopment. 

There seems to be a certain definite ratio of hydroxide 
to copper in the surface film in order that the color reflected 
shall be blue. As the concentration of the adsorbed hydroxide 


Cf. Hoffmann: Zeit. Kolloidchemie, 10, 275 (1912). 
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increases, the color changes from brown to gold, to red and 
finally to blue. Long treatment with the developer seems 
to dissolye the deposit and either a pale blue-gray or a pale 
olive-green is the final shade obtained. On standing either 
exposed to the air or protected by a lacquer, the blue film 
probably loses water and then assumes the pale olive-green 
color of a thin film of copper oxide. ‘ 

Much work remains to be done in this most interesting 
field both in establishment of the above hypothesis as to the 
color effects and in finding a method of applying these colors 
to practical needs. At present the blue colors are instable 
to an extreme, and no lacquer has yet been found sufficient 
for their protection. It is hoped that further work will 
throw light on the subject. 

The general results of this paper are the following : 

Schiitzenberger’s “allotropic” copper is a solid gel of 
normal copper in a finely divided form, analogous ndth similar 
forms of lead, silver, and gold. 

The electrolytic production of a new form of colloidal 
copper by the electrolysis of certain copper solutions contain- 
ing gelatine has been described in detail. 

The remarkable color action shown by these films of 
gelatine-copper has been studied and termed a development. 

The development seems to be an adsorption by the copper 
film of hydrous copper oxide (hydroxide) formed by the hydrol- 
ysis of the developing solution. 

Electrolytic methods have been devised for coloring ob- 
jects of copper and other metals a variety of hues, the more 
prominent being blue, red and gold. 

This work was carried out under the direction of Pro- 
fessor Bancroft, and I wish to thank him for his interest and 
kindly criticism. 

Cornell University 

^ Cf, Turner: Proc. Roy. Soc., 8iA, 301 (1908). 
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BY ALBERT P, MATHEWS 

From a study of the volume of liquid acetylene, Macintosh* 
concluded that acetylene was in reality acetylidene since one 
of the carbon atoms seemed to have the volume of bivalent 
carbon. He supported this contention also by various chem- 
ical arguments. On the other hand, Nef,* while showing 
that the halogen substitution products were in reality acetyl- 
idene compounds, believed that acetylene was acetylene 
and not acetylidene, because it was chemically and physiolog- 
ically so inert. Nef ’s pupil, Lawrie, * confirmed the acetylidene 
nature of the bromine and iodine substitution products. 

Although it is improbable, for the reasons stated by Nef, 
that acetylene is acetylidene, the matter may be definitely 
settled by my method of* determining the number of valences 
in the molecule from the molecular cohesion. If it is acetylene 
there should be ten valences; if acetylidene, there should be 
eight, since acetylene does not associate and one carbon atom 
would be bivalent. 

The most recent determination of the critical data of 
acetylene by Cardoso and Baumd gives T^, 35.5° C; and P,,, 
61.6 atmospheres. From these figures the value of “o” of 
van der Waals’ equation calculated by the formula: a — 
27TcV 64 X 273* X Pc, is 0.008745. Computing the number of 
valences, n from “o” by the formula: n — X 3.2 X 


^ Macintosh: "The Physical Properties of Liquid and Solid Acetylene," 
Jour. Phys. Cheni., ii, 315 {1907). 

^ Nef: “Ueber das zweiwertige Kohlens toff atom,” Liebig^s Ann., 298, 332 

(1897)- 

® Lawrie: "Constitution of Acetylidene Compounds," Am. Chem. Jour., 
36, 487-510 (1906). 

* Mathews: "The Relation of the Value of van der Waals* Equation 
to Molecular Weight and the Number of Valences of the Molecule/* Jour. Phys. 
Chem., 17, 181 (1913)* 
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ioV(Mol. Wt.), we obtain the value 10.06 for n. There are, 
therefore, ten valences in the molecule of acetylene; accordingly 
each carbon has four, each hydi'ogen one. 

Acetylene is, therefore, acetylene, as it is ordinarily written, 
and not acetylidene. 

University of Chicago 



SOME TESTS OF THE EDISON STORAGE BATTERY 


BY C. W. BENNETT AND H. N. GILBERT 

The Edison battery, as developed by the Edison Company, 
is an extremely importantadditiontoelectrochemical apparatus. 
This is realized when it is remembered that the equivalent of 
about 300,000, 150 ampere-hour cells are being used to-day. 
The performance and properties of this battery have been 
studied exhaustively by the Edison Company only. A 
few of the papers ‘ which have appeared in the literature on 
this subject may be referred to. These have dealt with the 
manufacture, details of construction, and performance of 
cells operating at normal rates. In view of the fact that this 
information is meagre, it was thought that measurements 
from a different standpoint, made by different workers, 
would be of value. 

For these measurements, a battery of four cells was loaned 
the department of physical chemistry by Dr. E. W. Brown, 
P.A. Surgeon, U. S. N. The battery being available only 
for a short time, it was decided to run a few efficiency tests 
at different rates of discharge, study the effects of charging 
at different rates, check the measurements of capacity, and 
study the cell operating at a low temperature. 

The cells used were the standard type, A8, 300 ampere- 
hour cells, normal charging and discharging rates, 60 amperes. 
The cells were connected in series. 


* Kennelly: Trans. Am. Inst. Elec. Eng., i8, 219 (1901). Roeber: Elec. 
World and Eng., 37, 367 (1900); 38, 931 (1901). Marsh: Elec. World, 39, 996 
(1902). Hospitaller: LTndustrie Electrique, 12, 493 (1903). Jungner: Elec- 
trochem. Ind., i, 258, 465, 508 (1903). Schoop: Ibid., 2, 272, 310 (1904). 
Silg: Ibid., 3, 237 (1903). Jououst: L'Eclairage Electrique, 38, 201 (1904). 
Hibbert* Jour. Inst. Elec. Eng., 33, 203 (1904). Joly: Ibid., 33, 226 (1904). 
Kennelly and Whiting: Trans. Am. Electrochem. Soc., 6, 135 (1904). Thomp- 
son and Richardson: Ibid., 7, 95 (1905). Elbs: Zeit. Elektrochemie, ii, 734 
(1905). Zedner: Ibid., ii, 809 (1905); 12, 463 (1906). Faust: Ibid., 13, 
161 (1907). Foerster: Ibid., 13, 414 (1907). Holland: Electrician, 68, 165 
(1911). Montpellier: Eumi^re dec., 16, 244 (1911). Eyon: Jour. Ind. and 
Eng. Chem., 3, 922 (1911). Schneckenberg; Elektrochem. Zeit., 29, i (1912). 
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In order to obtain these data in the course of the short 
time which the cells were at our command, it was decided to 
charge the cells until the voltage had remained practically 
constant on the highest part of the curve, for one hour. This 
was, therefore, called a complete charge, instead of the seven 
hours’ run at 60 amperes, as recommended by the Edison 
Company. The battery was, therefore, completely charged, 
and then discharged at the desired rate until the voltage on 
closed circuit was 0.7 volt per cell. The amount of energy 
necessary to bring the battery back to the original voltage 
was taken as the proper input for the calculation of efficiency. 

Recording meters were used and the mean voltage ob- 
tained from the equation 



where 1 = mean radius measured on a chart, which of course 
corresponds to the mean voltage, a = area of the sector 



Fig. I 

bounded by the voltage time curve, and the radii extended to 
the center of the chart, and « = the angle in radians, which 
was subtended by the time-voltage curve. The area was ob- 
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tained by a planimeter, the angle being measured in degrees. 
The current of course was constant. The meters were care- 
fully calibrated, and the errors introduced min i miz ed as much 
as possible. 

For comparistm, Fig. i shows curves for charge and dis- 
charge at 6o amperes and one discharge at 120 amperes. 
For the normal charge it is seen that the average voltage is 
about 7 volts for the battery, the average discharge voltage 
being 4.5 volts, or 1.12 per cell. It is seen that the voltage 
continuously decreases, upon discharge. The actual figures 
for curves A and B are as follows: 


Table i 




Percent 

Ampere-hours input 

410 

— 

Ampere-hours output 

350 

— 

Ampere-hour efficiency 

— 

854 

Watt-hour input 

2874 

— 

Watt-hours output 

1589 

— 

Watt-hour efficiency 


55-3 


It has been stated that the Edison battery is capable of 
operating at high rates. No actual figures however are avail- 
able as to what energy efficiencies or capacities are obtained 
tmder these conditions. The figures given below are not 
extremely accurate for they only represent one measurement 
each. They do, however, give an idea of what may be ex- 
pected from these cells. Below are given efficiencies for four 
rates of discharge, the charge being normal. The output of 
the four cells is also given. 

Table 2 


Discharge 
rate in 
amperes 

Average 

voltage 

Watt-hour 

efficiency 

Percent 

Output 

Ampere-hours 

Watt-hours 

60 

4-55 

55 

350 

*593 

120 

430 

53 

260 

1118 

200 

380 

38 

225 

855 

270 

3-50 

32 

180 

630 
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The decrease in efficiency as well as capacity is seen from 
curves in Figs. 2 and 3. From these figures it may be concluded 




that the battery is capable of operating at high rates with a 
remarkably small decrease in efficiency and capacity. An 
astonishingly small decrease in the average voltage is also 
noted at the higher rates of discharge. 

It is stated that “booster” charges can be given these 
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cells practically. It was therefore decided to try some ab- 
normal charging rates, discharging at the normal rate, calcula- 
ting efficiency. 

Below are given some of these tests. 

Table 3 


Charge 

Watt-hours 

Watt-hour 

efficiency 

Input 

1 Output 

Percent 

2 hours at 120, balance at 



j 

60 amperes 

3143 

1463 

46 5 

1 hour at 200, balance at 




60 amperes 

2941 

1536 

52 2 

I hour at 300, balance at 




60 amperes 

3958 

1543 

39 0 


With the “booster” charge of 200 amperes the charge 
was complete in about four hours and twenty-five minutes, 
the battery giving considerably over its rated output on dis- 
charge, the efficiency being about the same as for the normal 
charge. 

The Edison cell is said to lose about 10 percent of its 
charge upon standing 24 hours, after which there is practically 
no loss. It was therefore decided to allow the charged battery 
to stand 30 hours and then measure the output upon dis- 
charge. It was found that the voltage of the battery had 
dropped to about 6 volts, and upon discharge the following 
was obtained: 

Table 4 

Discharge after standing 30 hours normal rate 
I Output 

Initial voltage ' Average voltage | 

! I Watt-hours | Ampere-hours 

598 4-54 i 1384 ! 305 

The loss in capacity is about 10 percent of the normal 
output. In order to see if this loss could not be avoided in 
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cases where a battery is not to be used for some time after 
charging, it was decided to charge the battery to a definite 
voltage and discharge from this, taking the output. This 
arbitrarily selected voltage should be higher than the open 
circuit voltage of the battery after standing 30 hours. The 
drop across the battery on charge, upon momentarily closing 
the circuit, was found to be about 16 percent higher than the 
cell voltage upon open circuit. It was therefore decided to 
charge the battery until the drop across it was 16 percent 
higher than the voltage of the battery after standing 30 
hours. The charge was therefore maintained until the 
voltage was 7 . i volts. 

The following was obtained : 

Taule 5 

Battery charged to 7. i volts and discharged at normal rate 

Input Output 

Watt hours j Ampere hours Watt-hours | Ampere-hours 

2101 I 315 1343 i 290 

From this it may be seen that the output is practically 
the same as that for the discharge after standing 30 hours. 
The efficiency is very good under these conditions, and on the 
basis of a charge of this nature it seems as if the battery can 
approach favorable comparison with the lead cell in regard to 
efficiency. A measurement should have been made by charg- 
ing up to this voltage, allowing to stand for 30 hours, to show 
that under these conditions there is practically no loss of 
the charge. On account of limited time, however, this could 
not be done. 

In reference to the effect of low temperatures, it may be 
said that one charge and one discharge was obtained in an 
ice water bath, the temperature of the battery being kept at 
4° C. The results of a charge at 4° C of the previously com- 
pletely discharged battery at ordinary temperatures, and the 


Energy 

efficiency 

64 
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corresponding discharge are given. The efficiency cannot 
properly be calculated from these. 


Table 6 

Charge and discharge at 4“ C. Normal rate 


Average voltage 


Charge 


7-36 


Dis- 

charge 


4.46 


Ampere-hour 


Watt-hours I Duration Hours 


Input Output I Input ' Output ' Charge j Discharge 

396 j 233 I 2920 ^ 1037 , 6-2/5 ; 3-7/8 


A very marked effect is obtained here. The voltage 
difference between charge and discharge is abnormally high. 

The battery was later charged at the normal rate under 
ordinary conditions. This charge gives data for calculating 
efficiency comparable with that given above. This is the 
normal use of the cell in cold climates. In cars, of course, 
the battery would receive discharge at low temperatures on 
the road, and be charged at room temperature, in the garage. 
The results follow : 

Table 7 

Charge after discharge at 4° C 


Average j 
voltage j 

Input 

Efficiency calculated on 
previous discharge 
Percent 

Ampere-hours | 

Watt-hours 

6.94 

460 

3190 

33 


The fact that more energy was required for this charge 
than for the previous one probably means that nickel per- 
oxide was not formed at 4° C, probably because the charge was 
not maintained long enough. If not accurately, the tests 
show, however, that there is a larger voltage difference be- 
tween charge and discharge at low temperatures than under 
normal conditions. The efficiency must, therefore, be lower 
than normal. 

From what has been said and from experience with the 
Edison cell it may be concluded, that 
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1. The energy efficiency, at the normal rate of opera- 
tion, is about 55 percent, the ampere-hour efficiency being 
about 85 percent. 

2. The cell is capable of operating continuously at high 
rates. 

3. At the 40-minute discharge rate, with charge at the 
normal rate the energy efficiency is about 32 per cent, the 
ampere-hour output being about 60 percent of the rated out- 
put. 

4. The cell can be charged at high rates, the efficiency 
being about normal when a “booster” charge at 3'/, times 
the normal rate, for one hour, was given the cell. There 
is no reason why the cell should not be charged at 5 times the 
normal rate for a few minutes. 

5. If the cell is to be charged the day before it is to be 
used, energy is conserved if the charge is maintained until the 
voltage reaches about 1.8 volts, instead of carrying it to com- 
pletion. In other words, no nickel peroxide should be formed 
on charging, the loss of energy on standing being due, pre- 
sumably, to the spontaneous decomposition of this compound. 

6. If the charge is stopped before the higher oxidation 
products of nickel are formed, the efficiency is higher than 
normal, being about 64 percent. 

7. At 4° C the battery is capable of delivering more 
than Va its normal output, when charged at the same tem- 
perature. The voltage, of course, is lower than normal, for 
the internal resistance of the cell is higher at the lower tem- 
peratures. The efficiency also is low. 

8. The cell may unquestionably be allowed to stand 
an indefinite length of time without injury. 

9. The flexibility is so great that the cell can be used 
under the most adverse circumstances. 

10. The method of charging until the voltage has remained 
constant for one hour gives satisfactory results, but re- 
quires watching or the use of a recording voltmeter. 

11. The continuous drop in voltage on discharge (about 
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10 percent per hour) is a disadvantage against this cell, over 
the lead cell. 

12. When referred to equal amounts of power, delivered, 
the Edison battery weighs about 25 percent less and costs 
about 25 percent more than the iron-clad Exide battery. 

Electrochemical Laboratory ^ 

Cornell University 



THE VALENCE OF OXYGEN, SULPHUR, NITROGEN 
AND PHOSPHORUS DETERMINED FROM THE 
MOLECULAR COHESION 

BY ALBERT P. MATHEWS 
I. The valence of oxygen 

In my paper on the relation of molecular cohesion to 
molecular weight and valence,’ in w'hich the number of valences 
were computed from the value “o” of van der Waals' equa- 
tion, I considered oxygen to be bivalent except in the case of 
oxygen gas. The cpiestion of the quadrivalence of oxygen 
was not taken up, because I wished to get the main point of 
the connection of valence and cohesion well established be- 
fore discussing particulars. But as it is believed by many 
that oxygen is at times quadrivalent and as this possibility 
has such an important bearing on theories of association and 
solubility and, indeed, on the ionizing powers of water, and 
is also full of importance in physiology, it is interesting to 
examine the oxygen compounds of that table for evidence 
in favor of teti’avalence. 

One atom of oxygen is supposed by Sticglitz, Arm- 
strong, and Goldschmidt' to be quadrivalent in the esters. 
In the first table, therefore, I have incorporated the results 
of a determination from the molecular cohesion by the usual 
formula :n = X 3-2 X lo'/dnol. wt.), of the total number 
of valences per molecule, and compared it with the number of 
valences computed if one oxygen is quadrivalent. I have 
taken only those esters whose critical data were recently 
very carefully determined by Young. All of these esters 
associate a little at low temperatures, but their vapors are 
normal for some degrees below’ the critical temperature, 
except possibly that of methyl formate. 

> Mathews; Jour. Phys. Chem., 17, 181 (1913). 

“Zeit. Elektrochemie, 10, 221 (1904)- 
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Table i 


Substance 

Formula 

“o’* 

Theoretical 
No. of 
valences. 
One oxygen 
quadrivalent 

Number of 
valences 
det. from 
cohesion 

Ethyl acetate 

QHA 

0 . 04076 

30 

29.9 

Ethyl formate 

C,H.O, 

0.03122 

24 

239 

Ethyl propionate 

CgHjoOj 

0 . 05088 

36 

36.0 

Methyl acetate 

0 ^. 0 , 

0.03206 

24 

24.8 

Methyl butyrate 


1 0.05082 

36 

35 9 

Methyl formate 

Qha 

0.02371 

18 

19 5 

Methyl isobutyrate 

C.H.A 

0.04882 

36 

33-8 

Methyl propionate 

C,HA 

0.03968 

30 

28.8 

Propyl acetate 

QH,a 

0.05149 

36 

36-7 

Propyl formate 

qha 

0.04086 

30 

29.7 


From Table i it is clear that the number of valences 
computed from the molecular cohesion is very close to the 
theoretical number, if one of the oxygen atoms is quadri- 
valent. The only cases in which fewer valences were found 
were methyl isobutyrate and methyl propionate. In the 
former, the computation of “o” may not be exactly right 
as elsewhere pointed out, the isocompounds always giving a 
value for “o” a little low as compared with the normal. It 
is, of course, possible that in them the oxygen is bivalent. 

Table 2 contains some other oxygen compounds which 
associate and may be supposed on that account to have 
quadrivalent oxygen. 

In Table 2 the alcohols probably associate somewhat 
at the critical temperature and acetic acid also; the number of 
valences, given in the table as computed, were computed 
with the normal molecular weight and they are, accordingly, 
too many. It is impossible to determine the total number 
of valences per molecule by this method for these substances 
until the average molecular weight has been independently 
determined at the critical temperature. Of the other sub- 
stances; acetone, anisol, phenetol, nitrobenzene, acetic anhy- 
dride, ethyl diacetate and methyl propyl ketone appear to 
have tetra valent oxygen. The method, however, is not 
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Table 2 




-- 

" 1 * ' ! 

Number of 


Substance 

Formula 

i “«■’ ! 

i i 

valences 
computed ; 
one oxygen 

No. of valences 
found 



i quadrivalent 


Acetone 

C,H ,0 

0.024591 

22 

21 3 

Ethyl alcohol 

C,H,0 

0.02395 

18 

25.8 (Assoc.) 

Anisol 

C,H «0 

0.05645 

40 

39-8 

Methyl alcohol 

CH«0 

0.01895 

12 

26 0 (Assoc.) 

Phenetol 

C»H,oO 

10.07009! 

46 

48.7 

Propyl alcohol | 

C,H ,0 

10.03250, 

24 

31.3 (Assoc.) 

Acetic acid 

QHA 

jo 03504! 

18 

34.9 (Assoc.) 

Nitrobenzene 

C.H,NO, 

jo. 05968: 

38 

37 9 

Acetic anhydride i 

C,H,Os 

|o 04442, 

30 

293 

Ethyl diacetate ! 

loOj 

b.o 66681 

42 

42.4 

Methyl propyl ketone 


^•04437 

34 

34-8 

tn-Cresol ! 

C,H„0 

10.06254' 

40 

46.0 (Assoc.) 


sufficiently accurate to enable this conclusion to be drawn 
without reservation. The critical data of some of these sub- 
stances have not been determined with entire accuracy and 
it is possible, in some, that a very small amount of association 
may occur at the critical temperature and such association 
would have the effect of making uncertain the valence de- 
termination. With these reservations, however, this method 
undoubtedly supports the view that oxygen may be tetra- 
valent, and particularly that one atom is tetravalent in the 
esters. 

The method shows oxygen to be bivalent in ether, sulfur 
dioxide, carbon dioxide and one of the oxygen atoms of the 
esters. 

In oxygen gas, carbon monoxide and nitric oxide, NO, 
the oxygen is monovalent, if computed from the cohesion. 
The maximum number of valences in a molecule of oxygen 
found by this method was two. It must be confessed that it 
seems unlikely that oxygen is monovalent in the gaseous 
form, but the critical data are accurately determined and if 
this method of determining valence is reliable, as it appears 
to be, there is no escaping the conclusion. The critical data 
of carbon monoxide should be redetermined, but from those 
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accepted only two valences can be found in the molecule. 
Nitric 'oxide has always been a puzzle, since the oxygen is 
monovalent, or the nitrogen bivalent. The cohesion shows 
that there are only two valences, which again means that the 
oxygen and nitrogen are monovalent/ 

From its cohesion, then, oxygen appears to be either 
monovalent, bivalent, or tetravalent. 

2. Sulfur 

Sulfur is generally supposed to be biv^alent, but at times 
to open up two or four residual valences. So far I have not 
found any compounds with bivalent sulfur, except probably 
carbonyl sulfide, when the valence is computed from the 
cohesion. All the sulfur compounds have either quadrivalent 
or hcxa valent sulfur, if the valence is determined by this 
method. Even sulfuretted hydrogen is no exception to this 
statement. Table 3 contains the results. 

Table 3 — ^The Valence of Substances Containing Sulfur 


Substance 

' Formula 

“ a " 

! 

S - 6 

S = 4 

mol. 

cohes 

Hydrogen sulfide 

H,S 

0.00890 

__ 

6 

7-9 

Mercaptane 

: C.H,S ■ 

0 02497 

20 

18 

20. 4 

Thiopliene 

: C,H,S ; 

0.04130 1 

! 26 

24 

32 oQ 

Sulfur dioxide 

: S(.>J : 

0 01349 

10 

8 

7.8 

Carbon bisulfide 

‘ cs, ; 

0.02316 

16 

12 

14.8 

Sulfuryl chloride 

so,a. i 

0 04382 

16 

14 

14.1 

Thionyl chloride 

i vSocC j 

O.O3IIO 

H 

12 

14 8 


^ A very interesting fact which may be cited in support of the view that 
oxygen in these three gases is in a state different from the ordinary, and, hence, 
possibly monovalent, is the following' Oxygen gas and nitric oxide are strongly 
paramagnetic, and carbon monoxide is far more paramagnetic, or rather far less 
diamagnetic, than carbon dioxide which contains more oxygen. In all other 
compounds oxygen is diamagnetic. It is clear that the oxygen in the three 
gases which this method shows to contain monovalent oxygen has magnetic 
properties different from oxygen in other oxygen compounds. This fact has not 
hitherto been explicable. The following figures showing the para- or diamag- 
netism of different gases I have taken from Auerbach's article on Magnetism in 
the Handbuch dcr Physik, 5, 274 (1908). 

Oa NO CO Air CH^ CO, N^O N3 Hj, 

4-4.83; +1.60; -0.009; -0.068; -0.063; -0.033; “0-oi8; -0.015: -o.oo2(?) 
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From Table 2 it appears that sulfur is quadrivalent in 
sulfur dioxide and sulfuryl chloride; hexa valent in sulfuretted 
hydrogen, carbon bisulphide, mercaptane, thionyl chloride 
and probably in thiophene. It is probably bivalent in car- 
bonyl sulphide, but the critical data are uncertain. These 
results are in agreement with the general idea of the valence 
of sulfur except in the case of sulfuretted hydrogen, mer- 
captane, and carbon bisulfide. Thiophene probably associates 
a little at the critical temperature so that the valence com- 
putation is uncertain. 

j. Nitrogen 

Nitrogen is generally supposed to be either mono-, 
tri- or pentavalent. The cohesion method supports this con- 
clusion. Nitric oxide has been a stumbling block. The re-’ 
suits are given in Table 4. 

Tahle 4— Number of Valences per Molecule of Nitrogen 

Compounds 

Number computed 

= i N = 3 |n = 5 

! j ’ 

Nitrogen iNj |o 0032808 2.0 2 6 10 

Nitrous oxide |n/) io.009405 62 4 8 

Nitric oxide |Nb 10002570 1.4 2 4 

Nitric dioxide INO.^ jO.01119 76 7 9 

Ammonia jNHg jo 00844 ^3 5 6 j 8 (Assoc.) 

Methyl amine jCH^N lO. 01521 17.9 12 j 14 (Assoc.) 

Dimethyl amine jCjHyN jo 01922 17 5 18 '20 

Trimethyl amine ; CgHgN j o . 02594 22.7 24 I 26 

Diethyl amine j C4HJ1N l o . 03625 279 30 I 

Triethyl amine iCgHijN 0.05415 39 9 42 

Propyl amine | CaHgN o . 02 729 24.5 24 

Dipropylamine iCeHjgN 0.05835 51 2 52 

Aniline jCeH7N 0.05157 37.2 34 36 

Dimethyl-o-tolui-j 

dine iCgHjaN 0.08187 51.2 52 54 

From the table it appears that nitrogen in nitrogenjgas 
is monovalent. It appears to be also monovalent in nitrous 

and nitric oxide. Two formulas may be written for nitrous 

\/- 

oxide with a total valence of six, i. e., N — O — N or N — N =0. 


Substance 


Foniiula ' 


Number 
of valences 
found from, 
cohesion 
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I think the former, with some of the molecule having quadri- 
valent oxygen, is perhaps the more probable. I have taken 
the highest possible value of “a” for nitrous oxide. In 
nitric oxide two valences per molecule are the most that can 
be assigned by this method. This would mean that both 
elements were monovalent, but as there is other evidence 
that oxygen is univalent in its elemental form, this formula 
is not entirely improbable. The valence of nitrogen in nitric 
dioxide is quite uncertain. In the amines there can be hardly 
a doubt that it is trivalent, or at times pentavalent with two 
free valences on the nitrogen. This is the case in ammonia 
and methyl amine, both of which associate. All of the 
critical data of the amines were determined by Vincent and 
Chappuis and I believe their figures are uniformly a little too 
low. In aniline the nitrogen appears to be pentavalent, 
but some association occurs. The results are not, then, very 
satisfactory for these compounds, but they indicate very 
clearly, however, that nitrogen is either monovalent, tri- 
valent, or pentavalent, as it is supposed to be. 

4. Phosphorus 

I have found but a single phosphorus compound in which 
the critical data have been directly determined, although 
one or two other cases were reported in my paper on the 
valence of chlorine, in which the critical data had been com- 
puted from the surface tension. 

In phosphoretted hydrogen the phosphorus is apparently 
pentavalent, having two free valences, “o” is given by 
Leduc and Sacerdote as 0.00939 and from this the valence 
of 8.6 is computed. Were the phosphorus pentavalent the 
total number of valences would be eight. It might be, 
however, that the phosphorus was heptavalent, but only a 
few of the molecules had the two pairs of reserve valences 
open at the same instant. In the chlorine compounds it ap- 
peared that the phosphorus was probably heptavalent. I 
think the only certain conclusion is that the valence is greater 
than three. 

University of Chicago 



THE VALENCE OF THE ARGON GROUP AS DETER- 
MINED FROM THE MOLECULAR COHESION 


BY ALBERT P. MATHEWS 

The valence of the argon group of elements is one of the 
most interesting problems in chemistry. They are very 
generally regarded as zero valent, chiefly owing to the posi- 
tion they take in the periodic system between strongly electro- 
positive and electro-negative, univalent elements. That they 
are monatomic is undoubted, but they might be monatomic, 
like mercury vapor, and still have valence. Ramsay* made 
the suggestion, indeed, that they combine into molecules 
at other than ordinary temperatures. To account for the 
atomic weight of argon, which computed from the density is 
39.9 if the gas is monatomic, he suggested that argon is a 
mixture of many monatomic molecules with a few diatomic 
molecules. The ratios of the specific heats as determined is 
1.659; whereas if there were 5 percent of diatomic molecules 
it would be 1.648. The theoretical number, if the gas is 
entirely monatomic, is 1.667. After discussing this possi- 
bility, however, Ramsay says: “But on the whole the pre- 
sumption is against the hypothesis that argon is a mixture 
of monatomic and diatomic molecules.” 

There is some evidence that argon is not entirely lacking 
in chemical affinity. Berthelot,^ by the action of the electric 
discharge on a mixture of argon and benzene vapor, or of 
argon and carbon bisulphide, produced a brownish deposit 
on the glass from which argon could be reobtained. Ramsay,® 
in commenting on the absence of the argon lines in the sun’s 
spectrum, suggests, as a reason, that it enters into combina- 
tion only at high temperatures, these compounds being 
endothermic; and he cites^ several observations indicating 

‘ Ramsay: “Gases of the Atmosphere,” London, p. 231 (1902). 

“ Bcrthelot: Comptes rendus, 120, 581, 660, 1316 (1893): 124, 113 (1897)- 

® Ramsay: Loc. cit., p. 261. 

‘ Ramsay: See footnote, p. 538, to article by C. Trenton Cooke Zeit. 
phys. Chem., 55, 537 (1906). 
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a union of argon with zinc, mercury and some other elements. 
Thus in a Pliicker tube the cathode metal disintegrates more 
rapidly when argon under low pressiu'e is in the tube than 
when nitrogen is there, and Ramsay interprets this to mean 
that a volatile compound is formed under the influence of the 
intense energy at the surface of the electrode and this com- 
pound dissociates again setting free the metal, which deposits 
on the glass. Under his direction C. Trenton Cooke* measured 
the vapor tension of zinc, cadmium, sulfur, mercury and some 
other metals at high temperatures in the presence of various 
gases and concluded that the tension of zinc in argon was 
12 percent above its tension in nitrogen. Cadmium behaved 
similarly in helium. Helium seems to be in some kind of a 
union in fergusonite, and to be capable of feebly uniting with 
platinum. It may be recalled, also, that the solubility of 
argon in water is greater than that of helium and nitrogen; 
and this may be urged as indicating some kind of affinity 
between water and argon. Chemically, then, these gases, 
though inert, are not entirely indifferent. 

From their action on light,* also, a certain argument may 
be made for their possessing valence. Thus, according to 
Drude, the dispersion of light in the blue end of the spectrum 
is due to the valence electrons, and in the red end to the 
vibrations of the electrically charged atomic groups. If only 
the valence electrons affect blue light, these gases must also 
have valence electrons, since they refract light like other gases. 

The question whether these elements have valence, or 
not can be put to a decisive test through their molecular 
cohesions.® There is no question that they possess cohesion, 
since they can all be liquefied. They behave like all other 
gases in this respect. Molecular cohesion in all other sub- 
stances examined is a function of the product of the molecular 
weight by the number of valences. It has been shown for a 

‘ C. Trenton Cooke: Loc. cit., p. 537. 

® Cuthbertson, C. : "'Refractive Indices of the Elements/' Phil. Trans.» 
204, 323 (1904)- 

® Mathews: Jour. Phys. Chem., 17, 181 (1913). 
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great number of substances that M^K, a factor proportional 
to “o” of van der Waals’ equation, is equal, when expressed 
in dynes, to 2.98 X 10“*’ (mol. wt. X No. of valences)'/*. 
A substance having cohesion cannot, therefore, have zero 
valence. If it had no valence it could have only gravita- 
tional attraction between its monatomic molecules, no cohe- 
sional attraction. These gases have cohesion and they must, 
therefore, have valence. 

Their valence, n, can be calculated from their critical 
data by the formula: (i) n = 0.0043 T^yPe" (mol. wt.); or, 
n a‘''“ X 3.2 X ioV(mol. wt.); or (2) n =- 4.21 X io~‘ 
(V^T,.)*/-' /(mol. wt.). The first formula, which is derived 
from the ordinary formula for computing “a" from the 
critical temperature and pressure, gives values for “a,” 
and hence for n, a little lower than the second formula in the 
case of simple gases. The second formula computes “n” 
from the surface tension, as shown in my former paper. In 
Table i, I have given both values and I regard the second 
as the more correct: but as the critical density of not all the 
gases is known, I have had to rely on the first formula for a 
comparison. The results given by the two formulas are not 
widely different. 

The valence, n, together with the critical data' used in 
the calculation are given in Table i . 

T.\hlk 1 — Computation of the Average Number of Vale.nces 
PER Moeecui-E from the Molecular Cohesion 


Substances 

Tc (Abs.) 

1 " 

! 

dc 

Number of 
valences 
by for- 
mula I 

Number ot 
valences by 
formula 2 

Helium 

5.5" i 

! 2 75 

0 . 065 

0.04 

0 07 

Helium 

8 0 

2-75 

0 065 

0 12 

0 12 

Neon 

61 . 1 

29 

— I 

0.32 

— 

Argon 

X50 56 

48 

1 0 509 

I 12 ' 

I 35 

Krypton 

210.53 

54-3 

1 i 

i 

1 1-23 

— 

Xenon 

289 . 6 

58.2 ’ 

I 155 

! 1.80 

I 95 


* In my preliminaiy paper, Science, N. S., 36, 6 (1912), in Table I a 
mistake occurred in the computation of helium. The value 2.90 wrong. 
The critical, density was taken as 0.015 instead of 0.065. 
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Before discussing these results a word may be said about 
the reliability of the critical data. Those of argon and xenon 
are perhaps the most certain; krypton, neon and helium 
follow in the order named, helium being least certain. Onnes* 
gives 5.5® absolute as the critical temperature of helium, 
but as this makes helium quite aberrant in several particulars,* 
I have also computed the valence assuming the critical tem- 
perature to be 8° as suggested by Dewar.* The critical data 
of neon are somewhat uncertain, due in part to the very low 
critical temperature and in part to the great difficulty in 
separating the gas completely from helium. A little im- 
purity of the latter gas would have the effect of making 
too high. 

It is clear from the table that all of these gases possess 
valence. They are not zero valent as they are supposed by 
many to be. Furthermore, the average number of valences 
per molecule is in no case an exact integer, although in argon 
and xenon it is not far from a whole number. Since these 
gases have their critical data most accurately determined 
I at first supposed, as I published in my preliminary paper, 
that argon was univalent, but slightly associated into di- 
atomic molecules, thus bringing the average number of 
valences per molecule a little high; and that xenon was di- 
valent. I attributed the deviation of the other gases from 
univalency, to the inaccuracy of the data. A careful ex- 
amination of all the facts, however, has led me to abandon 
this explanation for what seems to me to be a better one, 
since it explains all the facts. 

In the first place, I have not been willing to abandon the 
idea that valences are indivisible. If we assume, as Lodge^ 
suggests, that some of the lines of force from each valence 
attach themselves to several atoms, or even wander outside 

^ Onnes: Proc. Amsterdam Acad. Sci., 13, 1100 (1911). 

* Rankin: “On a Relation between Viscosity and Atomic Weight of 
Inert Gases/' Phil. Mag., [6] 21, 45 (1911). 

® Dewar: Article “Liquid Gases/* Encyclopaedia Britannica, 16, 749, 
nth ed, 

* Lodge: Nature, 70, 176 (1904). 
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the molecule, and thus split the valence up; or that there are 
partial valences in the sense of Kauffmann,‘ it seems to me 
that we might as well abandon the whole valence idea. It 
entirely loses its usefulness. Again our structural formulas 
become so indefinite, if the valences are regarded as split up, 
as to be nearly useless. The explanation which I sought 
was one which would explain why we appear to have frac- 
tional valences in this case, but really do not have them. 
That my first explanation was wrong, was indicated by the 
uniformity with which the valence increases from helium to 
xenon. The deviation, too, from univalency in the case of 
neon is so great that it lies outside the limits of error. The 
critical pressure would need to be 14 atmospheres instead of 
that recorded of 29 atmospheres, in order that neon should 
have one valence to each molecule. The uncertainty of the 
critical pressure is far less than this. 

I believe the reason that the average number of valences 
is a fraction in these gases is as follows: All of them are in 
reality zero valent, so fas ar their chief valences are concerned, 
but like many, if not all, other elements, they have the power 
of opening up two residual valences. By their residual 
valences, therefore, they are all bivalent. These two valences, 
like most, or all, other residual valences, are of opposite 
electrical sign, one being positive, the other negative. Not 
all the atoms have these residual valences open at the same 
instant, but always some of the atoms have them closed. The 
molecular cohesion, as I have already pointed out, is not 
influenced by these valences when they are in a closed or 
reserve state, or, we might say, withdrawn within the atom; 
it is only affected by the valences actually extending between 
atoms, or open and in a state in which they may combine. 
In xenon nearly all the atoms, or at any rate, 90 percent of 
them, have the valences open, and the average valence per 
atom, or molecule, is, therefore, 1.80-1.95; in krypton about 
65 percent of the atom have open valences, and 35 percent 
are closed, so that the average valence is about 1.30; in argon, 

' Kauffmann: Ber. chem. Ges. Berlin, 41, 4404 (1908). 
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about 6o percent are open and 40 percent are closed, the 
average valence being about 1.20; in neon, 16 percent are 
open and 84 percent are closed, the average valence being 
about 0.32 ; and in helium only about 5 percent of the valences 
are open, 95 percent being closed, giving an average valence 
of o.io. This explains, then, why the elements appear zero 
valent hi the periodic table, since they are zero valent as far 
as their chief valences are concerned; why, nevertheless, they 
appear to have some weak chemical afiinity, and cohesion; 
why they refract and disperse light; and also why the average 
valence is fractional rather than being a whole number. 

It also explains more than this. It enables us to under- 
stand the easy dissociation of the molecules into atoms. 
Unlike atoms that are bound together into molecules by thbir 
chief valences, no electrical stresses are set up in the argon 
elements when dissociation into atoms occurs, because each 
atom having a positive and a negative valence becomes at 
once electrically neutral. It is well known that compounds 
formed from residual valences partake of the nature of molec- 
ular compounds and break up very easily. Neither their 
union, nor their dissociation, involves much, if any, energy 
exchange. Such compounds are often called, indeed, molec- 
ular compounds. A double bond of this kind is always a 
weak bond in any molecule, which easily breaks where the 
double bond is. Were they univalent their dissociation into 
atoms would be very hard to understand. 

I suppose we may picture the opening of these residual 
valences in the manner suggested by Sir J. J. Thomson, as 
being due to a rearrangement of the electrons within the 
atom so that an excess of negative electricity is temporarily 
produced in one spot, and of positive at another spot on the 
surface of the atom. These excesses are the valences. 

In closing, it is not without interest to compare the 
valence numbers computed above from the cohesion, with the 
refractivity as determined by Cuthbertson.‘ Their re- 
fractivities are in the proportion i, 2, 8, 12 and 19. 

• Cuthbertson, C.; Phil. Trans., 204, 323 (1905). 
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Refracti vity (m — i ) lo* 

Ratio 

Valence | 

Ratio 

Helium 

36 -3 

I 

0. 1 

I 

Neon 

68.7 

1.9 

0-32 

3 2 

Argon 

284 t 

7.82 1 

I 12 

II 2 

Krypton 

425 

II 7 

I.23(?) ■ 

12.3 

Xenon 

689 

18 98 

1.80 

18 0 


There is a general similarity, but not an identity. 


The principal facts and conclusions of the paper are: 
The molecular cohesion, confirming other properties, shows 
that the argon group of elements have valence. A com- 
putation of the average number of valences per molecule 
from the molecular cohesion gave the following results; 
He, o.i; Ne, 0.32; Ar, 1.12; Kr, 1.23; Xe, 1.80. The valences 
are apparently fractional, and not whole numbers. The 
conclusion is that these elements are all zero valent, as far 
as their chief valences go, but each is divalent in its residual 
valences. At any one instant of time only a certain pro- 
portion of the atoms, varying in the different gases, have their 
residual valences open, consequently the average number of 
valences actually open, or active, per molecule is less than two. 
One residual valence is positive, the other negative; and 
hence the combining power of the atoms is very weak, since 
on dissociation an electrically neutral atom is formed, by the 
saturation within the atom of the oppositely charged valences. 
This explanation enables us to understand, .also, why there 
is a progressive increase in solubility of these gases in water 
from helium to xenon if solution be a process involving the 
union of solvent and solute through their residual valences. 

University of Chicago 



NEW ELECTRIC PROPERTIES OF A SEMIPERMEABLE 
MEMBRANE OF COPPER FERROCYANIDE 

BY REINHARD BEUTNER 

I. The well-known investigations of Nernst have shown 
that potential differences which compose the electromotive 
force of whole cells are located at the junction of metal and 
solution and depend on the concentration of the solution 
according to a logarithmic law. 

A concentration cell is, e. g., 

— Ag I dil. AgNOj 1 cone. AgNO^ | Ag -f 
which may also be arranged with one single piece of Ag as a 
middle conductor (and calomel electrodes in order to make an 
electrical connection to the measuring instrument) as follows ; 
-f cal. electr. | dilute AgNOj ] Ag | cone. AgNO, | cal. electr. — 

In an investigation, * based upon a thermodynamic theory 
of Nernst, Haber found that the middle-conducting Ag-metal in 
the last cell can be replaced by a solid middle-conducting layer 
of AgCl without causing the slightest change in the electromotive 
force of the cell. Through further experimental investiga- 
tions, it has been proved beyond doubt that the solid AgCl 
possesses an electrolytic conductivity.® As to the electro- 
motive properties, however, it resembles the metals; from a 
thermodynamic standpoint this peculiar property can be ex- 
plained by the fact that equilibrium exists at the junction 
with the immiscible AgCl. A theory based upon this fact 
has been devised in different forms by Nernst and Haber; an 
account of a similar theory (based upon the same principles) 
was also published by the writer in an American paper.® 

^ Drude's Ann., 26, 947 (1908); cf. also Nernst: Zeit. phys. Chem., 9, 
140 (1892). 

* This can be proved by the polarization which occurs if a current is sent 
through AgCl. I,reBlanc’s hypothesis of temporary electronic conduction in 
AgCl is based upon a misconception as admitted by himself (Zeit. Elektrochemie, 
16, 240, 680 (1910); see Haber: Loc. cit.). Drude's Ann., 26, 972 (1908). 

* Trans. Am. Electrochem Soc., 21, 219 (1912). 
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2. In some experimental work along biological lines by 
Dr. Jacques Loeb and the writer^ it was found that certain 
vegetable and animal skins exhibited a change of potential 
difference with changing concentration similar to that with 
metals, i. e., a combination : 

cal. electr. [ M/io KCl | skin of a fruit or leaf | M/1250 KCl | cal. 

(as middle conductor) electr. 


shows an electromotive force of about 0.09 volt. Since the 
calomel electrodes used were filled with M/io KCl, no liquid 
potential differences can occur in the whole combination 
(owing to the well-known fact that the migration velocities 
of K‘ and Cl' are equal). The electromotive force observed 
must therefore be located at the junctions of the aqueous 
solutions and skin. If we assume that the skin behaves like 
an electrode reversible for K* ions and try to apply the well- 
known logarithmic formula of Ncnist 


I 


RT 

hF 


/n 


C, 

C. 


(or at room temperature and for n — i) 

C, 

— o.f)581og^‘ — 0.12 volt 

we find indeed an electromotive force which about equals 
the electromotive force observed, at least in order of magni- 
tude. 

The sign of this electromotive force is such as one would 
expect with a reversibility for cations. The most char- 
acteristic property of such cells, however, is that there is not a 
reversibility for K' cations alone but for any other cation as well, 
for if we replace the two KCl solutions in the above combination 
by two NaCl solutions of equal respective molecular con- 
centrations, we find a similar electromotive force. 

It must be said that in this case the liquid potential 
differences are no longer zero, yet their difference will not 
account for more than 10 percent of the observed electro- 
motive force. A solution containing the salt of any alkali 


Biochem. Zeit., 41, i (1912). 
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oi* alkaline earth ahows<a simile change of potential difference 
with changing concentration. Acids, caustic alkalis, and 
salts of the heavy metals give rise also to a small electro- 
motive force in similar “concentration cells,” but the latter 
have not yet been studied in detail because, in such cases, 
tibe is likely to be attacked chemically by the salt of the 
heavy metals (poisonous effect) and the phenomena are of a 
more complex character. 

3. In this communication, I wish to show the circum- 
stances under which the electromotive properties char- 
acteristic of the skin (or outside membrane) of tissues may 
be imitated by an artificial semipermeable membrane of copper 
ferrocyanide. It is well known through the famous investiga- 
tions of Traube that this artificial membrane gives rise to 
osmotic phenomena similar to those produced by the animal 
or plant membranes. Though the tissue membranes cer- 
tainly possess a chemical composition which is most materially 
different from that of the artificial membrane, the similarity 
of osmotic phenomena with both membranes points to the fact 
that they have some identical physical properties. It is 
remarkable that there exists a certain similarity of electric 
phenomena also, as the following experiments prove. 

The measurements of electromotive force with pre- 
cipitation membranes were performed in the following way: 
A glass tube, about 2 cm wide and open at both ends, was 
filled with a warm solution of M/40 K^Fe(CN)8 *0 percent 
gelatine. This solution was allowed to cool down in the tube 
to room temperature and to become stiff. The tube was then 
immersed with one end in a beaker containing M/20 CuSO^ 
(Fig. i). A precipitation membrane formed instantly upon 
the gelatine and soon grew to considerable thickness, although 
hardly visible at first. 

The points of two calomel electrodes were then immersed, 
the one into the M/ 20 CuSO^ solution in the beaker, the other 
into a small quantity of M/io KCl which was poured upon the 
opposite (upper) end of the gelatine layer (see diagram). 
Electrical connections were made to a “binanten-electrom- 
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eter” (of Dolezalek); the electromotive force measured was 
0.115 volt and the CuSO^ solution was at the positive side; 
the electromotive force remained constant for 10 minutes. 



Fig. 1 

Another experiment of the same kind gave the electromotive 
force of 0.108 volt (constant); the experiment was further 
repeated several times with similar results, the electromotive 
force varying from 0.103 ^ 0.120 volt.* 

4. I wish to point out first that this electromotive force 
can hardly be located at any other place than on either side 
of the membrane. It is well known that the liquid potentials, 
which exist at the junction of aqueous solutions, depend on 
ionic mobility; their order of magnitude is up to 0.06 volt 
in case the solution concerned contain either or OH' or 
both, on account of the great ionic mobility of these two ions. 
As no free acid or alkali is contained in our solutions, the 
liquid potentials will hardly exceed o.oi volt, i. e., 10 percent 
of the electromotive force observed. 


‘ In order to measure electromotive force produced by the membrane, it n 
essential not to precipitate it into a porous cup as is usually done for osmotic 
measurements. It is known from experiments of Briinnings (Pfiiigcr’s Archiv., 
1 17, 425 (1907)) that clay may also give rise to an electromotive force, which 
might interfere with the electromotive force of the membrane itself. 
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I have previously referred to Haber’s research on the cell 

— cal. electr. | cont. AgNO, | A^l | dilute AgNOg | cal. electr. + 

middle 

conductor 

in which the AgCl acts like Ag metal (as to the electromotive 
force). . 

The question presents itself whether the insoluble 
CugFe(CN)g in our “cell” 

+cal. electr. | CuSO^ | Cu3Fe(CN)g | K4Fe(CN), | cal. electr. — 

middle solution 
conductor 

acts like Cu. Apparently this is not the case, as is easily 
understood by the fact that the electromotive force of the 
CUjFe(CN)g “cell” has the opposite sign from that of the 
AgCl “cell.” The CuSO^ solution should be at the negative 
pole if the analogy of the two “cells” was right. Apparently 
the precipitation membrane possesses very different qualities 
from a solid insoluble salt (like AgCl). 

How is the electromotive force observed really to be 
explained? I have found an answer to this question by means 
of experiments in which the M /20 CuSO^ solution in the beaker 
was replaced by solutions of various composition and the in- 
fluence upon the electromotive force observed. 

5. The M/20 CuSO< solution was replaced,* first by more 
dilute CuSO^ solutions. An irregular change of the electro- 
motive force was observed in this case, most likely on account 
of the fact that the membrane underwent mechanical changes 
through osmosis. With a more dilute CuSO^ solution in the 
beaker, strips of the membrane grew downward apparently 
on account of the greater osmotic pressure of the KgFe(CN), 
solution upon the other side. This osmosis necessarily 
affects the composition of the solutions on both sides of the 
membranes in a way which cannot be determined or con- 
trolled experimentally. 

In order to eliminate the disturbing osmotic processes 

* In replacing the solutions in the beaker care was taken not to injure the 
membrane. 



New Electric Properties of Copper F errocyanide 


further experiments were performed in such a way that the 
M/20 CuSO^ solution was diluted not with water but with a 
M/io grape-sugar solution y thus the osmotic pressure of the 
solution in the beaker was kept pretty nearly constant/ 

The effect of the concentration of CuSO^ on the electro- 
motive force was found to be such that the electromotive 
force decreased with decreasing concentration; the change 
however was very irregular and varied witli the time. It 
can hardly be considered as an effect of concentration of the 
same kind as at a reversible electrode; it is more likely that 
irregular changes occur in the chemical composition of the 
membrane because one of the substances that generates the 
membrane is partially taken away; perhaps also a mechanical 
destruction of the membrane takes place. 

The following observations may illustrate this irregular 
change of the electromotive force : 


Time in minutes 

C<nnp of sol. in the beaker 

0 

M/20 C11SO4 

10 

M/2C. CuvSC), I 

H 

M / 1 0 grape-sugar (no CuSO^) 

17 

M/ JO grape-sugar (no CuSO/ ' 

18 

M/ i25(x> CUSO4 [diluted from | 

22 

M 20 CuSO^ with M/ 10 .sugar] I 

23 

M/2500 CuvSO^ (dil. with M/ lu sugar) j 

26 

M/5(X) CuSC)4 (dil. with M/ 10 sugar) 

33 

i M/ioo CuSO^ (dil. with M/ 10 sugar) 1 

33 

1 M / i(x) CUSO4 (dil. with M/ 10 sugar) ! 

38 

M / 100 CUSO4 (dil. with M / 10 sugar) 

46 

M / 100 CuSO* (dil. with M / 10 sugar) 

54 

M/ux) CUSO4 (dil. with M/ 10 sugar) 

56 

M/20 CuvS04 (dil. with M/ 10 sugar) 

58 

M/ 100 CUSO4 (dil. with M/ 10 sugar) 

61 

M/ 100 CuvS04 (dil. with M/ 10 sugar) 

63 

M/20 CuSOi (dil. with M/ 10 sugar) 


1 C. m. f. 

(). ! 15 volt 
O. I 15 volt 
0.077 volt 
0.070 volt 
0.062 volt 
0.064 volt 
0.057 volt 
0.045 volt 
0.044 volt 
0.054 volt 
0.070 volt 
0.092 volt 
0.102 volt 
O. lOI volt 
o.i 14 volt 
0.115 volt 
0.1 10 volt 


^ It is well known that a M/20 CuSO^ sol. and a M/20 sugar sol. are not 
perfectly isotonic, and also the M/40 K4Fe(CN)8 sol. on the opposite side of the 
membrane is not exactly isotonic. It was observed, however, that the differences 
in question did not interfere materially with the electromotive force. Irregular 
electromotive forces were observed only if the osmotic pressure vf^as changed in a 
considerable ratio, ». e. , i : 2 or i : 5. 
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Further experiments gave similarly irregular data. 

6. Apparently it is essential to have a constant osmotic 
pressure and also a constant quantity of CuSO^ in the solution 
in order to keep up a membrane of constant composition and 
properties. It was found that if these conditions were ob- 
served the electromotive force underwent regular and reversible 
changes if an alkali salt was added to the solution in the beaker. 
The direction of the change was such that with increasing 
concentration of the alkali salt the electromotive force became 
smaller, c., the solution in the beaker more negative; the 
effect is therefore of the same kind as with the potential 
differences ; 

tissue membrane | aq. alkali salt sol. 

(skin of plant, etc.) | of var. concentr. 

investigated by J. Loeb and the writer (see above). 

The following experiments may serve as examples: 


Time in 
minutes 


O 

17 

26 

35 

39 

43 

46 

54 

55 

58 

60 

64 

84 


Comp, of sol. in the beaker 


E. m. f. 


: M/40 CUSO4 -f M/20 sugar 
! (no alkali sdt) 

I M/40 CUSO4 + M/40 KCl 
I M/40 CuS()4 + M/40 KCl 
j M/40CUSO4 -f M/200 KCF 
i M/40 CUSO4 4- M/200 KCl 
1 M/40CUSO4 + M/ 1000 KCl 
M /40 CUSO4 4- M / 1000 KCl 
I M/40CUSO4 + M/200 KCl 
I M/40CUSO4 4- M/ 200 KCl 
I M/40CUSO44-M/40KCI 
1 M/40CUSO4 4- M/40KCI 
j M/40CUSO4 4* M/ 20 sugar 
1 (No KCl) 


0.122 volt 
0.123 volt 
0.020 volt 
0.019 volt 
0.062 volt 
0.060 volt 
0.099 volt 
0.097 volt 
0.062 volt 
0.062 volt : 
0.020 volt 
0,019 volt 
0.126 volt 


Difference of 
e. m. f. 


3.041 volt 
1.039 volt 


^.035 volt 
^>.042 volt 


The change of the electromotive force is perfectly rever- 
sible and it cannot be due to a change of the “liquid 
potential “ at the junction of the calomel electrode and the 


* Diluted with M/10 grape-sugar in all following experiments even when 
not mentioned. 
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beaker. On account of the equality of migration velocity 
of K* and Cl' this “liquid potential” must be nearly zero 
and can vary but slightly with the concentration. The only 
other place where it can be located is at the junction of the 
membrane and the solution. The sense of the change is such 
that the membrane behaves like an electrode reversible for K' 
ions. If we try to apply Nemst’s formula 

RT 

Pot. diff. = va ^mc.+ const 
»F 

which holds for any reversible electrode, we find that if n = i 
and if c is varied in the ratio i : 5 (as in the above experi- 
ments), the potential difference at room temperature should 
vary 0.040 volt; the values observed may be considered a good 
confirmation. 

I think that from these experiments it is possible to ex- 
plain why the cell 

— KJ''e(CN),j sol. raerabr. I CuSO^ sol. -f- 

I (without addition of KCl) 

has an electromotive force as was observed. It is due to the 
effect of K‘ ions of the K^Fe(CN)^ acting on the opposite (gela- 
tine) side of the membrane. What we really observe is a 
“concentration cell” with respect to K* 

— K* (high concentr.) J menibr. | K* (low concentr.) -|- 
K^FeCN„ sol. | | CuSO, sol. 

The CuSO< must contain traces of K* salt (or K* ion)- - 
even if chemically pure — on account of the fact that by the 
chemical reaction which forms the membrane K* salt is set 
free. 

2CUSO4 + K,Fe(CN)„ = zKjSO^ -f CujFe(CN)e. 

The KjSO^ formed will be present most likely on both sides 
of the membrane. On the side of the CuSO^ solution in the 
beaker it is quickly diluted by diffusion into the great volume 
of the K" free solution. The concentration of K* is however 
not very well defined on the surface between membranes and 
solution (in the beaker) and this is most likely the reason why 
the electromotive force of the cell is rather inconstant. 
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7. If we stir the solution in the beaker or shake it slightly 
(while no KCl is added) we find a distinct but inconstant rise 
of the electromotive force. The following observations may 
serve to elucidate this fact. 


Solution in the Beaker M/40 CuSO, + M/20 Grape Sugar 


Time in minutes 

Volt 

1 

0 

o.i 10 

10 

beaker 

0.1 16 

shaken 12 

, 0.139 

electromotive force diminished, while the 
solution is not moved. 

33 i 

0.120 

37 i 

0.122 


The effect of shaking apparently is due to an acceleration 
of convection, thus the K* concentration at and in the vicinity 
of the membrane becomes smaller; this must increase the 
electromotive force of the system if our conception is right 
that the “ cell ” really is a concentration cell for K\ 

8. But how is the decrease of the electromotive force to be 
explained, which occurs if the solution is left unshaken? We 
can understand this from observations of a different type 
which relate to the growth of the membrane. 

The membrane forms a very thin skin at the end of the 
first day after the system has been put together but is under- 
going a constant process of growth, as is clearly seen after 
about two or three days, when the membrane has grown to a 
thickness of about i mm. Apparently this growth would be 
impossible if the membrane were perfectly impermeable for 
both salts, K^Fe(CN)„ and CuSO^, from which it is generated.* 
The effect of diffusion of K^Fe(CN), through the mem- 
brane seems to be as follows : 

‘ Walden; Zeit. phys. Chem., 10, 699 (1892) finds that a copper ferro- 
cyanide membrane is impermeable for both KjFeCCN), and CuSO,. This how- 
ever may only mean that the permeability is small. The rather slow growth 
of the membrane indicates that in this sense Walden’s statement is right. 
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K<Fe(CN), will pass into the membrane at one surface 
and diffuse through the membrane to the other surface, where 
the chemical reaction with CuSO^ takes place; KjSO^ is there- 
fore generated at the surface of the membrane in contact 
with that of the CuSO^ solution. It will diffuse into this 
latter because of its greater solubility in water than in the 
membrane. All KjSO^ formed by the reaction will be formed 
at the surface of the membrane if the CuSO^ does not diffuse 
through the membrane. If this is the case, the reaction 
between K^Fe(CN), and CuSO^ must take place in the mem- 
brane itself and the KjSO< formed will diffuse to both surfaces. 
Whether the latter is true or whether K^FefCN), only diffuses 
is unessential for our experiments. All K^SO^ will be formed 
at the surface of the membrane in contact with the ferro- 
cyanide solution, if the membrane is permeable for CuSO^ 
only, but this is not likely to be the case. 

We can now understand how K* salt is constantly being 
formed at the membrane; this small quantity of K' is most 
likely essential for the electromotive force. I do not know 
however whether under certain circumstances the CuSO^ 
also may influence the electromotive force. If the K‘ con- 
centration is kept very low, it is possible that the cell may no 
longer act like a mere concentration cell for K% but may act 
like a cell, the electromotive force of which is due to a chemical 
reaction. Such is however not the case in all experiments 
communicated to this paper. 

9. Another proof, for the fact that K* ions formed through 
the growth of the membrane determine the electromotive 
force, is found in the following facts: If we arrange the ex- 
periment described above in such a w'ay that the CuSO^ 
solution is mixed with 10 percent gelatine and placed in the 
(upper) tube while the beaker contains the K^FefCN),, solution 
(compare Fig. i) scarcely any electromotive force at all is ob- 
served. 

I first tried to explain this observation by means of the 
assumption that the gelatine may possess an action upon the 
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potential dMerence like KCl, or that the commercial gelatine 
used may contain alkali salts as impurities. Neither assump- 
tion can be right as no action of the gelatine at all was ob- 
served, when, with the first arrangement: 

K4Fe(CN)„ I membrane | CuSO^ solution 
with gelatine j ( in the beaker 

some gelatine was added to the solution in the beaker. 

I think it is very likely that the KjSO^ formed through the 
growth of the membrane is the cause for the fact that the 
electromotive force of the “cell'’ 

CuSO^ membrane I K4Fe(CN)g solution 
with gelatine [ in the beaker 

is nearly zero.‘ The formed in the boundary region of 

the CuSOf solution is kept there in a high concentration as the 
convection is retarded by the gelatine. Therefore, the concentra- 
tion of K" is nearly equal on both sides of the membrane. 

I wish to add that with this cell no considerable effect 
uf>on the electromotive force can be expected through addition 
of further alkali salt to the KgFeCCN), solution, as the K’ 
concentration is thus varied only slightly. This was also 
confirmed by experiment. 

If the K4Fe(CN)g concentration was varied, the electro- 
motive force underwent small changes. 

lo. Furthermore, some measurements of the cell 

K4Fe(CN)g I membrane I KCl solution of variable 
in gelatine | [ concentr. 

were performed while no CuSO^ was added. For the reasons 
given above, the electromotive force is not exactly reversible 
in this case (compare page 349). 


‘ The values observed were o.cx)3 to o.oio volt. 
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in minutes 

Solution in the beaker 

1 E. m. f. 

0 

M/2C) KCl 

1 

i o.cx)3 volt 

I 

1 M/20 KCl 

0.603 volt 

7 : 

M/iof)KCl 

I 0.041 volt 

10 

M/ioo Ka 

0.039 volt 

12 

M/500 KQ 

0.076 volt 

14 

M/500 KCl 1 

0.076 volt 

16 

M/2500 KQ ! 

O.IOI volt 

19 1 

M/500 KCl 1 

0.072 volt 

22 

M/500 KCl 

0.071 volt 

23 i 

M/iooKQ i 

0.038 volt 

24 ! 

M/ 100 KCl I 

0.037 volt 

30 1 

M/20 KCl ; 

0.003 volt 


Difference 


^0.038 volt 

^0.037 volt 

^0.025 volt 
0.029 volt 
^0.033 volt 


!> 


■).034 volt 


Ti. As was said above (compare page 345), the mem- 
brane is not reversible for K* ions only, but for other ions in 
the same way. In other words, the electromotive force is 
changed in the same way if NaCl or Na^SO^ be added to the 
CuSO^ solution in the beaker instead of KCl, as the following 
measurements show ; 


Time in 1 
minutes 


Comp, solution in the beaker 



. m. f. 


j Difference of 
c. m. f. 


o 

2 

7 
1 1 
15 
21 
26 

31 

34 

36 

46 

48 


M/40 CuSO, 
M/ 4C) CUSO4 
M/40 CUSO4 
M/40CUWSO4 
M/40 CUSO4 
M/40 CUSO4 
: M/40 CUSO4 
; M/40 CUSO4 
1 M/40 CUS04 
; M/40 CUSO4 
I M/40 CUS04 
! M/40 CUSO4 


-f 1 , 80 Na.^S04 
-f- i /8()Na2S04 
-h 1 / 80 N a2S04 
f i/4oNaCl 
+ 1 /40 NaCl 
-f 1/40 NaCl 
-h 1/40 NaCl 
-f“ 1 /400 NaCl 
-h I /400 NaCl 
4- 1 /40 NaCl 
4- I /40 NaCl 


; 0.125 volt 
j 0.035 volt 
j 0.028 volt 
j 0.031 volt 
I 0.032 volt 
0.030 volt 
0.028 volt 
j 0.079 volt 
* 0.080 volt 
0.080 volt 
0.0285 volt 
0.0285 volt 


.051 volt 
/>0.05I5 volt 



The fact that NajSO^ and NaCl influence the electro- 
motive force in exactly the same way shows that the Cl' ion 
of NaCl or KCl does not have any specific action. The change 
of the electromotive force for a tenfold dilution should be 
0.058 volt according to Nemst’s formula. 
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The following measurements relate to NH^Cl ; 


Time in 
minutes 

Comp, of solution in the beaker 

E. m. f. 

0 

M/40 CuSO, 

0.105 volt 

3 

M/40 CuSO, 4 1/40 NH,Cl 

0.024 volt 

5 

•M/40 CuSO, 4 - 1/40 NH,a 

0.021 volt 

7 1 

M/ 40 CuSO, 4 1/400 NH,C1 

0.074 volt 

9 

M/ 40 CuSO, 4 1/400 NH,C1 

0.073 volt 

lO 

M/40 CuSO, 4 1/40 NH,C1 

0.021 volt 

10 

M/40 CuSO, 4 i/4oNH,CI 

0.020 volt 

27 

M/40 CuSO, 

0.109 volt 


Difference of 
e. m. f. 


\0.053 volt 
/(calc. 0.05) 

^.053 volt 


HCl also had a distinct influence on the electromotive 
force, as the following experiments prove ; 


Time in 
minutes 


Comp, of solution in the beaker 


E. m. f. 


Difference of 
e. m. f. 


o 

12 

19 

20 
29 
37 

39 

40 

42 

48 

48 

50 


M/40CUSO, + 1/40 NaCl 
M/40 CuvSO, f 1/40 HCl 

M/40CUSO, + 1/40 HCl 
M/4 oCuS 04 + 1/400 HCl 
M/40 CuSO, + 1/400 HCl 
M/40 CuSO, + I /400 HCl 
M/40 CuSO, 4 1/4000 HCl 
M/40 CuSO, 4- I /4000 HCl 
M/40 CuSO, 4- i/4cx)HC1 
M/40 CuSO, 4- 1/400 HCl 
M/40 CuSO, 4- 1/40 HCl 
M/40 CuSO, + 1/40 HCl 


j 4 0.029 volt 
j —0.035 volt 

I 

• — 0.004 volt 
i 4-0.042 volt 
i 40.041 volt 
' 40.043 volt 
4-0.080 volt 
! 40.079 volt 
j 0.043 volt 
j 0.042 volt 

i 0.002 volt 

I — 0.003 volt 


i (solution at 
! negative pole) 

1^^0.046 volt 

.037 volt 
;^^.036 volt 
.044 volt 




The quantitative application of Nemst’s formula seems 
to be less satisfactory in the last measurements (relating to 
HCl), the value calculated (0.058 volt) differing considerably 
from those observed. It must be said, however, that in this 
case the “liquid potential” at the junction of the left (see 
Fig. i) electrode is neither zero nor practically independent 
of the HCl concentration on account of the great migration 
velocity of H' ions. 
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The sign of the “Kquid potential” is opposed in this case 
to the sign of the potential difference at the membrane; this 
may account for the observation of too small differences as 
compared with the theoretical value. A quantitative calcula- 
tion, however, seems impossible for the reason that the con- 
siderable amount of sugar present in some solutions is not 
without influence upon “liquid potentials.”* 

Bivalent cations seem to have no influence upon the electro- 
motive force if added to the solution in the beaker, as the 
following measurements show; 


Solution 


E. m. f. 


1 1 

II Time in I 
minutes j 
o 

2 i 

3 

4 

5 

i 

7 


M/40 CuSO, 

M/40 CUSO4 -f i/4oCaCl2 


M/40 CuvSO, 

M;4o CuSO^ -f i/4oMgCl2 
M/4oCuS() 4 4- i/4oMgCIn 
M/4oCuSO^ -f i/4oMgCl2 
M/40 CuSO^ + i/4ooMgC5l2 
M 40 CuS()4 -f I /400 MgCl, 
M;4oCuS(\ 


0.123 volt 
0.130 volt^ 


0.109 volt 
0.122 volt* 
0.119 volt 
o. 1 1 8 volt 
0.128 volt 
0.126 volt 
0.126 volt 


As to bivalent cations the artificial membrane seems to 
behave distinctly differently from tissue membrane, at least 
so far as observed by Dr. Loeb and the writer. It was found® 
that the potential differences at the vSkin of plants are in- 
fluenced by CaClj solutions nearly in the same way as by 
KCl or NaCl solutions. 

12. The observations described prove that an artificial 
membrane acts like an electrode, reversible for monovalent 


^ This fact is not accounted for by the well-known theory of "'liquid 
potentials” by Planck and Nernst. By experiments of Oker-Blom (Pfitiger’s 
Archiv., 84, 191), however, an influence of non-electrolytes upon liquid potentials 
is clearly demonstrated. 

* This small rise of the electromotive force is not reversible and most 
likely more or less accidental. 

* Loc. cit. 
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ions of different kinds in a similar way as a tissue membrane 
acts. As to the further question, as to what circumstances 
may possibly bring about this electromotive effect, I think 
that the same explanation can be given here as for potential 
differences at tissue membrane. For the latter I have proved 
in a mathematical paper* that the following relation holds: 

Pot. diff. = 0.058 (log C — log {i +/\/i + io*w“D} + const.) 

where pot. diff. is expressed in volts at room temperature, 
C is the concentration of the aqueous solution, and m is given 
by the following relation: 

0.058 log i/»»=limiting value of the pot. diff. pot. diff. for C = w/500, 

The potential difference in fact reaches a limiting value at 
high concentrations in this case, i. e., the electromotive force 
of a cell : 

Concentrated solution | tissue membrane | dilute solution 

becomes zero, if tlie concentration of the (more) dilute solution 
is higher than a certain value. The formula was tested ex- 
perimentally by means of measurements on apples and was 
found to agree well with the observations. 

No limiting value of the potential difference was observed 
with the potential differences investigated in this paper, but 
this may be due to the fact that the concentration could not 
be increased high enough to reach the limiting value. I 
intend to investigate this point further. 

The derivation of the formula cited above was based 
primarily upon the fact that the junction between any two 
phases behaves like an electrode, i. e., that the potential 
difference located there can be expressed as 

- . In - . const. 
nF Cj 

where c^ is the concentration of an ion common to both phases 

‘ Presented at the Eighth International Congress of Applied Chemistry 
in New York, Vol. 22, 29 (1912). A eonununieation of the same paper is also 
found in the Bioehem. 2 :eitschrift, 47, 73 (1912.) 
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in the one phase, c^ the same in other place.' Furthermore, 
the following assumptions wefe made : 

a. That a complete reaction takes place between a con- 
stituent of the membrane and the aqueous solution. In this 
reaction a salt is formed which is insoluble in water but 
distributed in the membrane homogeneously. 

b. That the electrolyte as such is contained in the mem- 
brane in small concentration and that in accordance with the 
law of partition the ratio of concentration of electrolyte in 
membrane and in water is constant. The details of the de- 
rivation will be found in the cited mathematical paper. 

The main point proved by the agreement of the observa- 
tions with this mathematical theory is that the membrane 
contains a waier-insoluhle electrolyte of the same cation for 
which it is reversible. I am inclined to believe that with the 
copper ferrocyanide membrane this water-insohible elec- 
trolyte in the membrane is a complex compound of copper 
ferrocyanide and alkali ferrocyanide, i. e., the membrane is 
not copper ferrocyanide as indicated by the formula 
CujFe(CN)g but contains alkali salt also. 

This alkali salt is Na, K, or NH^ salt according to the 
composition of the aqueous solution; this is possible on ac- 
count of a chemical reaction which takes place between the 
alkali salt of the membrane, i. e., KX and the alkali salt of the 
solution, i. e., NH^Cl, whereby NH^X (in the membrane) 
and KCl is fortned. 

13. The theory explained seems to be very hypothetical 
on account of the fact that neither the exact chemical con- 
stitution nor the physical properties of the membrane are 
known to a satisfactory extent. Further evidence of the 
real nature of these new electric phenomena is however gained 
through the new galvanic phenomena with water-insoluble 
organic liquids which the author first observed recently. It was 
found that water-insoluble liquids of an acid character ex- 

‘ Concerning the derivation of this formula (which was first derived 
for a special case by Nemst), I refer to my paper, Trans. Am. Electrochcm. 
Soc., 21, 219 (i 9 J 2 )- 
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hibit an electromotive force like the membranes described; 
water-insoluble bases, however, exhibit a change of the 
potential difference in the opposite direction. 

With experiments of this kind the composition of the 
second phase (i. e., the water-insoluble liquid which replaces 
the membrane in our experiments) was known, as well as some 
of its physical properties. In a great number of experiments, 
in which both the composition of the second phase as well 
as the composition of the aqueous solution was varied, the 
assumptions described above were found to be correct; the 
physical conditions which cause potential differences rever- 
sible for more than one ion, are mainly due to the formation 
of a water-insoluble compound by a chemical reaction be- 
tween the aqueous electrolyte and a constituent of the second 
phase.* 

I think that a study of membranes of various com- 
positions, which I intend to perform, will give further evidence 
concerning these questions. 

Conclusions 

The main results of the experiments described are : 

1. A precipitation membrane of copper ferrocyanide 

behaves like an electrode, reversible for monovalent positive 
ions of different kinds. ' J 

2. The electromotive force of the system K^Fe(CN), 
aq. sol. — precipitation membrane — CuSO^ aq. sol. is due to a 
concentration cell with K’ ions. The K' salt concentration 
of the CuSO^ solution is due to KjSO^, which is generated 
by the formation and steady increase in thickness of the mem- 
brane. The K’ concentration in the boundary region of the 
CuSO^ solution, which is essential for the electromotive force, 
depends mainly on the velocity of diffusion into that part 
of the CuSO^ solution which is free from K^SO^. 

Biological Department 
Rockefeller Institute for Medical Research 
New York 

* As to further details of this investigation, I refer to a publication which 
is soon to appear in the Transactions of the Am. Blectrochem. Soc. 
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Die Existenz der Molekttle. By The Svedverg. iS X 25 cm; pp. v ^ 239. 
Leipzig: Akademische V erlagsgesellschaft, 1912. Price: 12 marks. — In the in- 
troduction the author says : 

'*What do we mean, scientifically speaking, by proof of the existence of 
a things Let us consider a vessel, filled with water, to which a little sand has 
been added. We can see the grains of sand and, therefore, we have no doubt, 
scientifically speaking, that there are material particles in the vessel. The 
reason that the existence of the particles is so self-evident to us is that it seems 
impossible for us to account for what we see in any other way than by the as- 
sumption of material particles in the water. Suppose that we add a little clay 
to the water and rub it in thoroughly. We now have a turbid, gray liquid in 
which no separate particles are to be seen. If wc examine a drop of this liquid 
under a microscope, a large number of small particles become visible. In 
this case there is also no doubt in r>ur minds but that there are discrete particles 
in the gray mixture of water and clay. Suppose we now take some water (which 
must be very pure) and add a few drops of a gold trichloride solution and then 
-a few drops of hydrazine bichloride. On addition of the reducing agent, the 
dilute, colorless solution of gold chloride changes to an intensely colored liquid, 
a colloidal solution of gold, in which no separate particles are to be seen cither 
with the naked eye or under the strongest microscope. However, if an intense 
ray of light be made to fall on the colored liquid and if we look at the illuminated 
portion through a microscope in a direction perpendicular to the path of the 
beam — in other words, if we use the so-called ultra-microscope of Siedentopf and 
Zsigmondy instead of the ordinary microscope — we sec an enormous numl)er 
of small points of light. If wc use the ultra-microscope on the mixture of water 
and clay in which we .saw' discrete particles by means of the ordinary microscope, 
we see a number of shining points which arc, however, much brighter than in 
the case of the gold solution By counting we can determine how many points 
of light there arc in a given volume. If w'c do this, w'c find that the number 
thus obtained is identical w ith the number of separate particles seen in the same 
volume when using the ordinary microscope. Starting from these facts, the 
scientific man is justified in drawing the conclusion that material particles are 
also present in the colloidal solution. There is nothing in the laws of logic to 
prevent two different causes giving rise to similar phenomena, such as the points 
of light as shown by the ultra-microsc(»pc in the colloidal gold solution and in 
the clay suspension. The scientific man finds a support and justification for 
his conclusion in the fact that he is not able at present to find any other expla- 
nation for the appearance of the points of light in the colloidal gold solution. 
Let us now consider a still more difficult case. Suppose we add a few' drops of 
a solution of phosphorus in ether to a very dilute, slightly alkaline, solution 
of gold trichloride. In the course of a few hours, the colorless solution of gold 
chloride changes to a beautiful ruby-red liquid. In this liquid it is not possible 
to' detect discrete particles even by means of the ultra-microscope. Neverthe- 
less, scientific men are unanimous in believing that this liquid alst) contains a 
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large number of small particles of gold. This conclusion is based on an argument 
by analogy. The properties of the gold solution in question differ chiefly in de- 
gree from those of the solution in which the ultra-microscope showed the exist- 
ence of discrete particles and, therefore, it is very probable that both solutions 
contain discrete particles. It is a simple matter to account for not being able 
to see the particles in the one solution by the assumption that they are too small 
to be detected even with the aid of the ultra-microscope. 

'‘This illustration may serve as an answer to the question as to the nature 
of a scientific proof of the existence of a thing. All the experimental proofs 
of the existence of molecules rest on similar reasoning. Whenever we find a 
phenomenon which cannot be brought into line with our scientific conceptions 
of the world except by a.ssuming that matter is made up of small, discrete par- 
ticles, we have furnished an experimental proof for the existence of molecules. 
It is admitted that all proofs for the existence of molecules are valid only so long 
as we can give no better explanation of the phenomena than that offereed by 
the molecular theory. From a theoretical point of view it is a matter of indiffer- 
ence whether the proof depends on making the molecules actually visible as was 
done for the colloidal particles by means of the ultra-microscope, or whether it 
is based on any other phenomena. Practically, however, the making a thing 
visible is a more satisfactory proof of its existence than any other method be- 
cause such a proof involves the fewest assumptions and depends on thoroughly 
familiar phenomena. 

“From the atomistic view-point all phenomena, which depend on the action 
of atoms and molecules, may be classified as multimolccular and paucimolecular. 
Under the first heading we have the phenomena in which a large number of atoms 
or molecules take part, while the second group contains the phenomena in which 
only a few atoms or molecules are active. The data in this volume are classified 
according to this division.” 

The author has made colorimetric measurements on solutions of colloidal 
gold, colloidal ferric oxide, and colloidal arsenic sulphide. He sums up his con- 
clusions, p. 29, as follows: 

“The cnqrraous gap which appeared to exist between the intensity of color 
of colloidal solutions and that of the closely allied molecular solutions has been 
bridged, because 1 have shown that the intensity of color of the colloidal solutions 
decreases continually with decreasing size of particles — at any rate, after passing 
a certain point. In certain cases I was able to show that with decreasing size 
of particles, the intensity of color finally approaches very closely to that of the 
allied, molecular-disperse, system. It is, therefore, very probable that the de- 
crease in the intensity of color with decreasing size of particles, which occurs 
beyond a certain point in the ultra-microscopic region, continues all the way to 
molecular solutions. Reasoning from continuity, it follows that molecular solu- 
tions probably consist of discrete particles,” 

The conclusion may be right but the reasoning is not. Quite regardless 
of whether true solutions contain discrete particles, they must appear as the 
end term of colloid suspensions in which the particles are made continuously 
smaller. The solubility of the particles in a suspension increases with de- 
creasing size of the particles and becomes very large for a certain size. With 
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continuously decreasing size of particles, the actual solubility increases until 
there axe no particles left. Because we can pass from a crystalline salt to a 
dilute solution by adding water continuously to a definite amount of salt, we 
do not conclude that we have a crystalline structure in the solution, though it 
is possible that we may have one. 

The author has also made spcctrophotomctric measurements and diffusion 
measurements with a number of colloidal solutions prepared so as to give a con- 
tinuously decreasing size of particles. By the same faulty reasoning he draws 
the same conclusions that he drew from his colorimetric measurements 

The second half of the book is devoted to experiments on the Hronnian 
movements and on the spontaneous variations of concentration in radioactive 
solutions and gases. The book is a remarkable one as a collection of experimental 
data and is to be recommended highly on this ground. Wilder D. Bancroft 

Triumphs and Wonders of Modem Chemistry. By Geoffrey Martin. 14. X 
20 cm, xx -I- Neiv York: I). Van Nostrand Co.^ jgii. Pticc. $2.00 . — 

In the preface the author says 

“Within the last few years chemistry has been revolutionized by startling 
discoveries which have followed one another in quick succession, and these are 
briefly described in the following pages. The atoms have been shown to be of 
immense complexity, the scat of vast forces and terrific motions, the very exist- 
ence of which was scarce dreamt of until the advent of radium. A series of 
magnificent researches has recently shown us that these atoms, far from being 
the changeless and eternal foundation stones of the universe that they w^erc once 
thought to be, are thcimselves crumbling away. Such conceptions and dis- 
coveries have altered the whole aspect of chemistry, and have necessitated the 
treating afresh of many old problems previously regarded as settled. 

“It has been my lot while lecturing on chemistry to have come into frequent 
contact with many thoughtful men and women, boys and girls, wh(» have felt 
much interest in this new chemistry, which has arisen out of the old, and who 
have wished to know something more of the grand questions of the day touching 
the ultimate nature and constitution of the Universe in w’hich they live, and of the 
matter which surrounds them on every side in untold millions of tons, but who 
have neither the leisure nor the inclination to master the technicalities and 
enter into the minutiae of the regular text -books of chemistry where such things 
are discussed. These text -books, moreover, labor under the disadvantage that 
they arc written for candidates studying for one or other of the innumerable 
examinations in which our university authorities take such keen delight, and 
which, combined with a cH)inplcte lack of educational freedom, make an English 
University student’s life a perfect nightmare to him (in sad contrast to that of 
the German or American student), and destroy rapidly and effectively any 
genuine interest in science that he may have possessed at his entrance to the 
university, besides exercising a paralyzing effect on the university lecturers 
themselves, and diminishing greatly the output of research w’ork in this country’, 
to its incalculable material and moral harm. 

“This book is not wTitten for examination candidates. It is w^ritten in 
order to awaken the interest of the general reader and the young student in what 
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is after all a grand science; for chemistry is the science which tells us that Nature 
works by unseen bodies — by myriads of tiny atoms whirling in gigantically 
swift and infinitely complex motion, the whole forming a mtcrocosmic world 
beneath the vifible world — and that her true laboratory consists of ‘events in 
inconceivable numbers, the whole phantasmagoria of these events changing 
eveiy instant down to its minutest details with inconceivable rapidity/ The 
most insignificant objects are fraught with endless wonder and mystery. A 
breath of wind is the swift rush of millions of atoms, the blazing of a match the 
destruction of a universe almost infinite in complexity and the building up of a 
new one out df its ruins, while in the tiniest grain of dust dancing in a sunbeam 
the rush of atomic events in the millionth part of a second is so incredibly swift 
as to defy all conception and calculation. Indeed, the whole universe, from its 
uttermost heights to its deepest depths, is but one vast system in a state of 
ceaseless and stupendous chemical change. This book represents an effort to 
give the general reader a picture of the world in which the chemist wanders, 
and an idea of the great and wonderful problems with which modem chemistry 
deals. At the same time it is hoped that the book will prove useful both to 
popular lecturers and to chemistry teachers in need of interesting illustrative facts 
for their routine chemical classes.’* 

The chapters are entitled; the mystery of matter; the underworld of atoms; 
distribution and evolution of the elements; the wonders of chemical change; 
water; the element hydrogen; the air; oxygen, the life-supporting element; the 
element nitrogen; the element carbon; carbon dioxide; silicon and its com- 
pounds; sulphur and its compoimds; the phosphorus group of elements; fire, 
fame, and spectral analysis. 

We all agree that the layman should know more about chemistry than he 
does, and we all ought to regret that the chemist’s manner of thinking and 
talking makes it impossible for him to discuss his subject with anybody except 
another chemist. All attempts to bridge this gulf are praiseworthy. Duncan 
has tried it and now we have another attempt in a rather flamboyant manner. 

On p. 67 we find a characteristic sample, while a second quotation, p. 98, 
seems to show what the author might have done. 

“Let us now illustrate the utility of these chemical symbols for expressing 
chemical changes. If we throw a pinch of chalk dust into hydrochloric acid, 
we see a momentary effervescence, which passes and leaves the acid apparently 
much as it was. No striking outward phenomena have occurred to awaken our 
surprise or challenge our attention. Yet in this instant of time a wonderful 
change has taken place. Nothing less, indeed, than the destruction, swift and 
terrible, of a whole atomic universe. The chalk as it falls into the acid rep- 
resents the intrusion of one vast stream of whirling atomic systems into another 
equally vast stream. In an instant millions upon millions of chalk molecules 
are colliding with equally vast numbers of hydrochloric acid molecules. Each 
time a molecule of chalk encounters a molecule of hydrochloric acid, both tiny 
atomic systems are irretrievably shattered and their fragments rearrange them- 
selves into other atomic systems. The slight effervescence noticed marks the 
swift rush of one series of these rearranged atoms, in the form of a colorless gas 
called carbon dioxide, whose molecules consist of two atoms of oxygen whirling 
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round one atom of carbon. Water molecules and calcium chloride molecules 
are similarly bom, and go whirling off among the mass of molecules which 
constitute the hydrochloric acid. Thus an event, one of innumerable other 
similar events taking place ceaselessly around us, apparently so insignificant 
as to scarce merit our attention, really represents a stupendous catastrophe" in 
the atomic universe. At first sight it would seem incredible that all the be- 
wildering complexity and intricate detail which necessarily attends the collision 
of billions of atomic systems, each collision being accompanied by its own train 
of events which distinguish it from all the others, could ever be simply and con- 
cisely expressed by chemists. Yet chemists, by means of their symbolical 
language, not only do this, but they actually express the final result quan- 
titatively.** 

Water is an almost incompressible fluid, one million volumes diminishing 
by only fifty when the atmospheric pressure is doubled. Slight as this com- 
pressibility may seem to us, yet, as Prof. Tait has shown, it produces most im- 
portant results. At the bottom of the dark abysses of the ocean, nearly six 
miles deep, the pressure must amount to 1000 atmospheres. The result of this 
compression is to make the surface-level of the general mass of the oceans some 
116 feet lower than it would be if the water were perfectly incompressible. If 
water suddenly ceased to be compressible the great oceans would instantly rise 
1 16 feet in height and pour in a mighty flood over low-lying lands. Over 2,- 
C)OC),cxx:) Sf|uare miles of land, something like 4 percent of the whole land area 
of the globe, would be submerged by the torrent, the hills appearing above the 
w’aters as small islands ” 

In spite of the continuous beating of the bass drum, the author has written 
a very readable book. 'I'he illustrations are unusually bad, one of the worst, 
p. 23, showing a man gazing down a microscope with one eye, while the other 
eye looks reproachfully at the reader. Wildn FK Bancroft 

Refractories and Furnaces. Bv F. T, Havard. j6 X 23 cm; pp. 333. 
New ) ork: McFtaw-IFill Book Company, 1912. Price: $^00 — The author is 
now associate professor of metallurgy at the University of Wisconsin and con- 
sulting metallurgist to Goldsmith Bros. Smelting and Refining Co. He has 
formerly been connected with The Boston and Montana C. C. and S. C., The West 
Prussian Mining Co., The Copiapo Mining Co., Ltd., and The U. S. Metals Re- 
fining Co., which gives him a fairly varied experience. 

In the preface the author says’ 

“Some notes on furnace linings, breasts and packings, made during the 
author’s activities as superintendent of furnaces, fonned the original basis in the 
preparation of this book. But since no serious effort has ever been made to 
collect the scattered information on the properties and preparation of the ma- 
terials of which industrial furnaces are constructed, considerable space has been 
devoted to descriptions of the sources, and processes of manufacture, of re- 
fractories with the object of presenting, to those interested in refractory ma- 
terials and in the operation of furnaces, a comprehensive study of the physical 
and chemical properties of these materials. 
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*‘The author has attempted also to coordinate the study of methods of pre- 
paring and testing refractory materials and of constructing furnaces, and has 
tried to systematize the data on the many kinds of cements, and packing and 
fettling mixtures which have their usefulness under special conditions in pro- 
moting efficiency in furnace campaigns and in reducing the ever-high cost item 
of furnace repairs and masonry/’ 

The headings of the chapters arc: classification of refractory materials; the 
relation between slags and refractory vessels and linings; the preparation of the 
silicious refractories; the preparation of the refractory clays; the preparation 
of the basic and neutral refractories; the use of refractory materials in the metal- 
lurgy of iron and steel; refractories used in the metallurgy of copper; refractories 
used in the metallurgy of lead and silver, and in general metallurgical practice; 
refractories used in the chemical and electn)metallurgical industries; some in- 
stances of application of common and refractory bricks in industrial furnaces; 
directions in constructing furnaces; refractory hollow ware; testing of refractory 
products and refractory raw materials; the thermo-physical properties of furnace 
materials; heat measurements in the metallurgical and refractories industry; 
the preparation of common brick. 

The author classifies refractories, p. 19, as acid, basic and neutral refractories. 
Acid refractories may be silicious materials depending on the infusibility of pure 
silica; they must therefore be high in silica and low in metal oxides and alkalies. 
They may also be alumino-silicious materials, which depend for their refractoriness 
on the infusibility of aluminum silicate. Such must contain but little free silica, 
since an excess lowers the fusing-point. Basic refractories consist essentially 
of alumina, lime or magnesia. Under neutral refractories are grouped: steatite, 
chromite, and possibly cement; charcoal, coke, and graphite; the synthetic 
compounds of carbon and silicon; iron, platinum, nickel, etc.; the asbestos re- 
fractory batches and paints. 

The author has the following to say, p. 48, in regard to silica bricks. 

“Owing to their porous character silica bricks are light, brittle and not 
easily worked. They are only fair conductors of heat, break if heated with in- 
sufficient regularity, and under rapid change in temperature they become friable 
and crack. They are easily attacked by basic slags, metal oxides and flue dust. 
They are the best of all fire bricks to employ where constant high temperatures 
are used and where acid slags are produced. They are superior to fire-clay 
bricks in that they expand regularly at high temperatures. This is of value 
wherever mortar is used and especially in crowns and arches, for fire-clay bricks 
expand scarcely at all, and all mortars shrink. The commonly accepted axiom 
that a fire-clay brick shrinks on using in industrial furnaces must be modified. 
As a rule it expands somewhat w'hcn the furnace is in heat, but contracts con- 
siderably from its original dimensions when the furnace is cooled. 

“On account of the high modulus of expansion of the silica brick they must 
not be laid too closely. Tie bars must be slackened as the bricks expand, and, 
to minimize danger of cracking the fire-brick, walls and roof must be heated 
gradually, evenly and slowly. The best mortar to use is ground silica brick in a 
little fire clay, or quartz sand mixed with lime.” 
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Of the basic and neutral refractories, p. 88, magnesia “is probably the 
most widely-used refractoiy, with the greatest possibility of more varied ap- 
plication, and yet often most disappointing to the baffled operator. Some 
magnesia products spall at fairly low temperatures, crack when a metal bath 
laps against their sides, or crumble when subjected to changes in temperature, 
while others withstand such tests and also the influences of high temperature 
and active slags. This varying conduct is due to differences both in the chemical 
composition and in physical structure of the raw materials, and also to the 
method of grinding, tempering and bonding and to the conditions governing the 
drying and burning. Within the last few years, with growing knowledge of its 
physical properties, the preparation of magnesite for the industry has been 
more careful. The results have been such that the application in different 
fields is growing rapidly. The magnesia-l>caring minerals, magnesite, ser- 
pentine, soapstone and steatite, have been used for many years, in the raw, 
calcined and prepared state, as fettling for furnaces, either alone or in mixtures 
with such additions as fire clay. For instance, in Europe Styrian magnesite 
has long been used in an admixture with fire clay; from the mixture, bricks 
have been formed, burned at a high temperature and used in iron, glass and other 
industries. Serpentine, containing 44 percent SiO^, 43 percent MgO and 13 
percent water, was a favorite lining for basic charges in Styria. Even for the 
linings of the old puddle furnaces of Domawitz, magnesia bricks were regarded 
with favor.” 

“The value of magnesia in the form of mass, bricks and crucibles depends 
on the infusibility and resistance to chemical action of pure magnesia. Now, 
commercially pure magnesia may be obtained only by calcining magnesite at 
very high temperatures. The material, obtained by calcining in the electric 
furnace at 2 (kx)° C, is a very satisfactory product and, when made into bricks, 
or crucibles, has a relatively longer life when exposed to the influences of severe 
heat and chemical attacks. A crucible, made by moulding the ordinary magnesia 
resulting from incomplete calcination of magnesite in industrial furnaces, when 
subjected to a temperature of 2000° C, sinters so that the walls and bottom 
become dense and tough. That same crucible will soften again and become 
difficult to handle when exposed to any high temperature. The ordinary mag- 
nesia bricks arc burned at a temperature which turns cone 29 (1710° C). It 
is a satisfactory refractory material in the lining of a commercial furnace which 
works at or below a temperature of 1600® C, but softens and spalls when sub- 
jected to a high temperature. 

“It always has a tendency to combine with acid materials but becomes 
particularly active at high temperatures. Accordingly, any tests to determine 
the temperature of softening, or other qualities of magnesia, should be made in a 
magnesia or neutral vessel, since it fuses at a lower temperature than the real 
softening point when in contact with fire clay or acid material wdth which it 
forms a relatively fusible salt. With regard to the influence of the physical 
and chemical properties of the raw material, it is interesting to note that the 
Styrian magnesite is generally held in higher regard by refractories manufacturers 
than the Grecian mineral. The Styrian is a crystalline or spathic mineral; the 
Grecian magnesite is found in an amorphous mineral. The former contains more 
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impurities, especially peroxide of iron. The particular combination of im- 
purities present in the Styrian variety serves, in burning, to sinter and knit the 
whole brick or other shape together, just as the basic impurities in the Pennsyl- 
vania and Wisconsin quartzites help, by their combination with silica, to cement 
the whole brick or form together. The special value of the crystalline structure 
depends on the mineral grinding to a grain of heterogeneous form, whereas the 
amorphous mineral, on crushing, falls in part to dust. The fine dust particles 
or even grain are difficult to hold in bond.” 

On p. 200 we read that “ it is obvious that the tendency to cracking exhibited 
by the ordinary calcined magnesite is less likely to be found in a material which 
has been calcined at the very much higher temperatures attainable by electric 
means. An experiment which brought this out very clearly was as follows: 
A crucible was made of highly calcined magnesia prepared from Grecian mag- 
nesite. The crucible was embedded in a granular carbon resistor and the current 
regulated so as to heat the crucible very gradually. The crucible was finally 
raised to an intense white heat, probably about 1500° C, and was then allowed 
to cool gradually in the furnace. It was so badly cracked that it was absolutely 
useless. Another crucible was made in exactly the same way except that 
electrically calcined magnesia was used. This crucible was heated fairly rapidly 
to a temperature at which Seger cone 35 (supposed to bend at 1830° C) was 
completely fused. The crucible was then allowed to cool and was examined. 
A few very small cracks had occurred where a hot spot unfortunately developed 
during the process of heating, but otherwise the crucible was in perfect condition. 
The heat had been so intense that the outside crucible was slightly fused. 

Several tons of magnesia have been electrically calcined and tested in a 
great variety of furnaces, and in every case excellent results have been obtained. 

“There is one other important point to note in regard to this highly calcined 
material. The ordinary calcined magnesia absorbs carbon-dioxide gas, forming 
magnesium carbonate more or less rapidly, but this does not occur at all, or with 
extraordinary slowness, in the case of the electrically calcined product. An 
experiment demonstrated this very clearly. Two porcelain boats were filled 
with electrically calcined magnesia and a highly calcined magnesia of the ordinary 
kind, respectively. In both cases the samples were finely ground so that the 
particles were of approximately the same size. The boats were placed in a 
tube through which a rapid stream of moist carbon-dioxide gas was passed for 
44 hours. At the end of that time the samples were weighed with the following 
results: 

Percent increase 


Sample m weight 

Ordinary calcined 3 1 • 30 

Electrically calcined 0.00 


“In the preparation of this magnesia it is possible to use an arc furnace, 
but the method is not altogether satisfactory on account of its cost. It is un- 
necessary, and in fact disadvantageous in many ways, to fuse the magnesia. 
Accordingly, a resistance furnace has been worked out which will calcine the 
magnesia satisfactorily.” 
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The book is an excellent one and the chemical public is indebted to the 
author for bringing together, in accessible form, the widely-scattered data. 
The author has, very properly, made no attempt to discuss the theory of refrac- 
tories. Theory has to be made before it can be discussed. The reviewer desires 
to call attention to the extremely interesting field of scientific research which is 
offered by the problem of refractories. Wilder D. Bancroft 

Inorganic Chemistry. By Hamilton P. Cady. 15 X 21 cm; pp. 607. 
New York: McGraw-Hill Book Company, igi2 . — The second book of the in- 
ternational chemical series treats of the general principles of inorganic chemistry 
from the standpoint of physical chemistry. Oxygen, hydrogen, water, hydrogen 
dioxide, chlorine, etc., are described, several of the fundamental concepts of 
physical chemistry being interspersed with the discussions. After the .specific 
treatment of the non-metallic elements, the metals are treated, approximately 
according to the periodic system. Similarities and gradual changes in prop- 
erties are pointed out, but very briefly, at the ends of the chapters on the metals. 
The periodic system is not used in treating the non-metals. No system of 
classification, however, is offered for these. The student is left to work out a 
system of C(X)rdination, otherwise he must depend on memory alone. 

While agreeing with the author that elementary inorganic chemistry 
can be most easily taught from the standpoint of physical chemistry, the re- 
viewer believes that here the limit has been overstepped. Too much physical 
chemistry has been introduced and the ordinary student is liable to become 
confused by learning of the pha.se rule, for instance, before he knows anything 
of the existence of heterogeneous reactions. It is believed that the mass law, 
reaction velocity, the phase rule, etc., as given here, have no place until the 
beginner becomes grounded, at least, with a fundamental knowledge of the 
physical and chemical properties of elements and compounds. It seems much 
simpler to take up processes, for instance, from the standpoint of the theorem of 
IxChatelier rather than from any other standpoint. The relegation of the 
atomic theory, and more especially the failure to emphasize the periodic system, 
is an unpardonable mistake. 

The book is intended to be brief. The author, however, has undertaken 
enough to fill three volumes of the present size. One instance by way of ex- 
planation will suffice. Faraday’s laws should not have been stated unless the 
mechanism of electrolytic conduction and electrolysis could be more fully treated. 
Numerous topics could appear more logically at different places than they arc 
found. For instance, osmotic pressure is discussed long after lowering of the 
freezing point is treated. One might get the impression that osmotic pressure 
is caused by the lowering of the freezing point. There is no statement, in the 
general treatment of the gas laws, that these formulations do not hold over the 
complete range. It is only brought out under the sepstrate treatment of the 
gases. It seems a pity that phenomena like passivity should not have been more 
thoroughly treated. Valence has not received the proper emphasis, and '‘posi- 
tive*’ and '‘negative valence” arc unfortunate terms. It is unfortunate, too, 
that such unqualified statements as the following have crept into this book. 
It is stated that platinum is “absolutely unchanged*’ after catalyzing the re- 
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action of hydrogen and oxygen. The melting point of chromium is given as 
about 1500® C. It is also stated that gold is obtained from the cyanide solution 
by deposition with the current on a lead cathode with an iron anode. 

The book in spite of all this, however, is unique. It shows that it ought to 
be possible to write an elementary inorganic chemistry from a physical chemical 
standpoint. It is unfortunate, however, that the atomic hypothesis and the 
periodic system, two of the most important and productive generalizations, 
have not l^en given more attention. C. W. Bennett 

Das Materialpriifungswesen. • By F.W^Hinrichsen. 17 X 23 cm; pp. xx + 
607. Stuttgart: Ferdinand Enke, 1912. Price: 18 marks. — The author gives an 
account of the purpose, origin, and development of the Bureau of Testing Ma- 
terials, and then brings together in this volume a number of the specific results 
obtained by the Bureau. He gives the official methods of testing: metals; ores; 
pigments; building material, including stone, bricks, tile, cement, mortar, and 
sand; paper; ink; textiles and dyes; fuels; water; fats and oils; rubber; leather; 
explosives. 

This is quite a remarkable book. Of course the material is presented in a 
highly condensed form; but the presentation is clear and the book is invaluable 
for purposes of reference. 

The bureau now receives about one hundred thousand dollars annually in 
fees and employs 227 people of whom 74 have had a college training. The re- 
ceipts increase every year but the staff has remained constant for the last four 
or five years, so that the work is presumably getting heavier every year. It 
is interesting to note, that, even in Germany, the staff is not given adequate time 
for scientific research along the lines of the bureau, and that the routine testing 
is encroaching unduly. Of course the routine work is the justification for the 
existence of the bureau, but the routine work can never be done in the best 
possible way unless supplemented by coordinated scientific work. 

Wilder D. Bancroft 

Elementary Applied Chemistry. By Lewis B. Allyn, X 19 cm; pp. 
xi + 127. New York: G%nn and Co., 1912 , — ^An insight into the work of the 
analyst and chemical engineer is very clearly given in Elementary Applied 
Chemistry.^' It deals with the analysis of many of the most common household 
articles in a way that will react not only on the pupil but on the community as 
well, and, while the methods arc, of course, somewhat rough from a true analytical 
standpoint, each is carefully explained to enable the student to carry away an 
accurate idea of the object and importance of each experiment. 

The author states in his prefatory note that the main object of this work 
is to create and foster a real love and interest in the great science of chemistry — 
to cause the student to feel that he is a factor in the busy living world.'* 

Unlike the usual text book, this little volume does not follow any order of 
chemical elements, but presents the w^ork from the standpoint of processes, the 
more simple one of filtration first, followed by those requiring more skill of 
manipulation. Some of the more notable sections involve the simple yet success- 
ful methods for the examination of the compounds in soils, plants and textiles, 
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analysis of water, milk, ice cream, cheese and condensed milk; experiments with 
distillation, standard solutions and many other chemical methods. The knowl- 
edge gained from the sections on the examination of coal tar dyes, vegetable 
colors, preservatives, tooth powder, headache powders, oils, paints, and foods 
will be of special value to students in all lines of work. The spirit of the work 
is one of accurate, honest and truthful scientific thinking, a valuable asset for 
every student, regardless of its source. Charles O. Brown 

Review Questions and Problems in Chemistry. By M. 5 . H. Unger, x 
tgem; pp. Ill loi. Neiv York: Ginn and Co., 1912. Price: $0.50. — In this book 
Mr. M, S. H. Unger has presented a text rather broader than its field seems to 
warrant, in that a complete preparation along the full scope of this book is rather 
more than any college would require. The scheme carried out is very convenient 
and easy to use. Kach section deals with problems and questions necessary 
for a complete review of some branch of chemistry as presented from the original 
text: definitions; laws and theory, the metals and elements, taken up by groups, 
and organic acids and compounds, with an appendix of chemical tables and 
constants. Many principles of physics that are closely allied to general chemistry 
are also included with problems. It is on the whole an excellent outline to follow 
in a preexamination review in connection wdth several standard works as ref- 
erences. vSonic of the best sections to enable one to clear up the confusion 
arising from the many physical and chemical facts, laws, theories and details 
of general chemistry arc Physical Laws and Theories, Chemical Laws and 
Theories, Equations and General Fomiulac; and a review of the elements by 
groups. Charh s O, Brou n 

Introduction to Analytical Mechanics. By Alexander Ziwet and Peter 
I'leld X 19 nn; pp. ^73 York. The Macmillan ('ompany, 1912. 

Pru e, Si 6u — “The present volume is intended as a brief introduction to mechan- 
ics for junior and senior students in colleges and universities. It is based to a 
large extent on Ziwet’s ‘Theoretical Mechanics,' but the applications to engineer- 
ing are omitted, and the analytical method has been broadened.” This book 
does not touch very closely on the ordinary needs of the chemist It will be of 
value chiefly to the student who .is taking a good deal of engineering, and it really 
is not written for the present breed of chemists. U'llder 1 ), Banooft 

A College Text-Book on Quantitative Analysis. By Herbert R. Moody. 
J4 X 22 cm; 205 pp. New ) ork. Macmillan Co., 1912. Price: — The 

bo(»k differs from most quantitative books in that the explanatory’ facts or 
“notes” on the analysis appear in large type on the same page as, and directly 
under the, directions for the procedure to which they relate. The idea is that 
the student will really read them during the course of the analysis and not after 
its completion. Another good feature of the book is that each experiment is 
preceded by' a brief digest of the method, and by equations representing all the 
reactions involved. Practice is given in seven gravimetric, six volumetric 
and two electrolytic determinations. As the author says, the book will be 
especially useful to the student who is either taking up quantitative work by 
himself or in a class so large as to exclude much individual instruction. 

G. E. F. Lundcll 
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Practical Measurements in Radio-activity. By W. Makower and H. Geiger. 

X4 X 22 cm; pp, ix -f 157. New York: Longmans ^ Green & Co, ^ 1912. Price: 
$1.60. — In the preface the authors say: 

'‘Although researches into the nature of radioactivity have proved one 
of the most fruitful means of investigating atomic phenomena^ a study of the 
methods employed for making radioactive measurements has not yet come 
to be regarded as an essential part of a course of practical physics or chemistry. 
This is no doubt to some extent due to a belief that a practical course must 
necessarily involve the use of large and costly amounts of radioactive material. 
This is, however, not the case, for it is possible to illustrate most of the principles 
of radioactivity by experiments made with simple apparatus using quite small 
quantities of radioactive material. To show how this can be done has been the 
main object of describing a number of experiments, many of which have been 
designed by Professor Rutherford as part of the course of practical work in the 
Honors School of Physics in the Manchester University and as an introductory 
course for students intending to undertake original investigations in radio- 
activity. It is hoped that this work may do something toward giving the subject a 
more prominent position in laboratory courses, and thus teach students the 
technique of one of the most fascinating branches of modem science. 

“Although the book is primarily intended as a laboratory course in radio- 
activity, an attempt has been made to meet the requirements of those engaged in 
original investigations. On that account tables of radioactive constants and of 
the decay of different substances have been given; moreover, some portions 
of the subject have been dealt with in greater detail than would otherwise be 
necessary.** 

The subject is treated under the following headings: the quadrant elec- 
trometer and instruments u.sed in connection with it; electroscopes; the ioniza- 
tion of gases; the alpha rays; the beta and gamma rays; the active deposits and 
radioactive recoil; radioactive transformations, standard measurements, the 
separation of radioactive substances; appendices. 

The directions arc clear and seem to be complete, A whole page, for in- 
stance, is given to a discussion, p. 25, of the best way to cut and mount gold 
leaves. The book should be very valuable to those wishing to undertake measure- 
ments in radioactivity on their own account. 

The question has recently been raised, whether it would be desirable to 
publish a series of practical books dealing with physicochemical methods of in- 
vestigation, particularly with the ways and means by which the actual measure- 
ments are made. The reviewer believes that this is desirable but that it is not 
feasible except in certain, special subjects. The present volume is somewhat 
more elementary than the volumes of the suggested series would be; but it is a 
step in that direction and the book is to be welcomed on that account as well as 
on its usefulness in the sphere for which it is intended primarily. 

Wilder D, Bancroft 



CONCENTRATION CHANGES IN THE ELECTROLYSIS 
OF COPPER SULPHATE SOLUTIONS 


BY C. W. BENNETT AND C. O. BROWN 

It has been noticed ‘ in the electrolysis of copper sulphate 
solutions with a rotating copper cathode, that the potential 
drop across the cell, with constant current, increases with an 
increase in the speed of rotation. In view of the fact that a 
more efficient stirring of the solution is obtained by increasing 
the rotation, concentration differences being thereby lessened, 
a drop in potential difference might be expected as a random 
prediction. Since this increase is rather large, and seemingly 
abnormal, it was deemed advisable to attempt an explanation 
of this phenomenon. As the object was a study of the voltage 
relations only, no attention was given the deposited copper 
except to note that it was pure, and that it completely covered 
the aluminum cathode upon which it was deposited. 

A drawing of the cell is shown in Fig. i, which may be 
described as follows- The revolving cathode C was made 
from a piece of aluminum pipe, i" outside diameter, and 3" 
long. This was screwed to a brass shank which was mounted 
in a hollow steel spindle revolving in two bearings. The lower 
end of the cathode was closed with a rubber stopper. The 
current was led to the cathode through a wire, E, dipping 
into mercury placed in the hollow steel spindle. This cathode, 
mounted on an iron stand, well braced, dipped into a glass 
battery jar of about 1.5 liters capacity. This also held the 
anode D, of pure cast copper. The cathode was revolved by 
a shunt wound I). C. motor, G, operating on the no- volt 
circuit, with varying speeds obtained by the starting box H. 
The current passing through the cell was taken from the same 
circuit, with a suitable resistance, J, and an ammeter. A, in 
series with the electrodes. It was at first planned to measure 
the back electromotive force of the cell by breaking the line 

' Bennett: Jour. Phys. Chem., 16, 294 (1912); Trans. Am. Electrochcm. 
Soc., 21, 253 (1912). 
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circuit and instantaneously connecting a very sensitive 
millivoltmeter across the cell. For this purpose, a switch 
was designed which consisted of two double pole switches, 
with the blades of one removed, the switches being mounted 
front to front with the end terminals a few hundredths of an 
inch wider apart than the width of the blade. This gave the 
effect of moving the end terminals of a double throw switch 



Fig. I 


very close together, so that the time for throwing the switch 
over was negligible. By covering this arrangement with 
transformer oil the connection being the same as an ordinary 
double throw switch, the line circuit could be broken even 
with 40 amperes flowing, and the cell connected with a delicate 
millivoltmeter, 1,, almost instantaneously. Voltage drop 
across the cell was measured with a voltmeter, N, which was 
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changed, whenever necessary, to ensure an appropriate scale 
or range for the required accuracy. 

It was first thought advisable to check the measurement 
of the increase in voltage drop, mentioned above. For this 
measurement the solution was the same as that used in the 
previous investigation, consisting of a 12 percent solution of 
copper sulphate and 15 percent sulphuric acid. The current 
density as well as the speed of rotation of the cathode was 
varied. The results are given in Table i. 

Table i — IncreAvSE in Potential Difference 


Current density Amperes/sq. dm. 


Revolu- 



1 


tions per 
minute 

3 5 

9 0 

14.0 

25 0 



Difference of potential, volts 


HXK) 

0 3S0 

0 880 

0 910 

2.250 

2 CK )0 

0.390 

0 8qo 

0 919 

2 3 CX) 

3c KX) 

0 4(X) 

0 qtX) 

0 950 

2 4 CX) 

4(KK) 

0 410 

0 910 

0 9^>5 

2 4 fX) 

5(xx^ 

0 410 

0 930 

1 OCX) 

2.450 


The increase with high currents is partly due to the 
fact that the resistance to the flow of a large current is affected 
relatively more than that with low currents, by the air which 
is drawn down into the solution, the latter occurring at high 
speed of rotation. 

The most natural assumption to make in attempting an 
explanation of this phenomenon is, that it is due to an in- 
crease of resistance. This resistance may be a true one, or 
a virtual one, of the nature of a back electromotive force. 
Since the latter was the most easily handled, it was studied 
first. This order was chosen also on account of the fact, 
as will be seen below, that the results obtained here would 
show whether or not the real resistance factor was the im- 
portant one. 

In order to determine whether concentration differences 
were important, attempts were made to measure the back 
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electromotive force of the cell directly, using the double 
throw oil switch described above. A characteristic measure- 
ment may be given. 

Table 2 


Back electromotive force; C. D. 14 amps./sq. dm. 


Speed of rotation 
R. P. M 


Back E. M. F. 
Volt 


IOCX3 

40 (yo 

5(kk:) 


o 018 
o 020 
0.021 
o 022 
o 022 


A slight difference was obtained, but not the difference 
sought for, which from Table i is seen to be 0.090 volt. It 
was decided that the time element in throwing the switch 
entered in here, so that concentration changes were equalized 
by the rapid stirring before the meter could be connected 
across the cell. This method of attack was therefore not 
pursued further. 

If the voltage rise from 1000 to 5000 r. p. m., as shown 
in Table i, be plotted against current, and the curve be 
extrapolated to zero current, an approximation of the real 
increase will be obtained, which eliminates the effect of re~ 
sistance changes in the solution. This is shown by a curve in 
Fig. 2, obtained by plotting the values from Table i. It 
may be seen that this curve extrapolates back to about 0.012 
volt with zero current. This would indicate that there was a 
counter electromotive force in the cell itself without current 
flowing of the order of magnitude of 10 to 15 millivolts. 

The next measurement to be made, therefore, was that of 
the voltage of the cell, copper] acidified CuSO^ solution j rotating 
copper electrode, at varying si>eeds of rotation of the elec- 
trode, to ascertain if there was a voltage which could act as a 
back electromotive force. For this a delicate millivoltmeter 
was used. The stationary electrode was cast copper, while 
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the copper on the revolving element was deposited there with 
a high current density and with rotation, which keeps the metal 
surface smooth, and is equivalent to working it cold. As has 
been shown' in the previous investigation, the crystals are 
small, while those of the cast anode are larger. Fine crystals 
have a larger solution pressure than large'* ones, and conse- 
quently, the electrolytic solution pressure of fine-gfrained 
copper is higher than that of coarsely crystalline copper. 
As a consequence, therefore, since this occurs, an electro- 
motive force must be set up through the solution from the 
electrolytic copper to the cast sheet. In other words, the 



electrolytic copper even when stationary should act as anode. 
This has been noted in the potential* of rough and polished 
metals.- In the former case there are large crystals, while 
in the latter, practically the so-called amorphous material 
only is present. With zinc a difference of about 0.32 volt, 
and with copper, about 0.05 volt was obtained, the polished 
metal becoming more electropositive and therefore showing 
a greater solution pressure. Actual measurement of the case 
above showed that the prediction was valid. This, as well 

‘ Loc. cit. 

* Kenrick: Jour, Phys. Chem., i6, 515 (1912)- 

* Erskine-Murray : Phil. Mag., [5] 45, 403 (1898). 
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as the increase in voltage with increased rotation, is shown in 
Table 3. The solution was the same as the one used above. 


Table 3 — ^Voltage Increase 


Speed of rotation 

1 Voltage of cell 

R. P. M. 

Volt 

0 

0 , 006 

1000 

0.009 

2CXX) 

0.019 

3000 

O.OIO 

4000 

0.012 

56 CX) 

•0.014 


From this it may be seen that there is an increase in the 
voltage of the cell with increased rotation of the anode (cathode 
when used as a secondary cell). In other words, this is 
equivalent to an increase in the back electromotive force. 
These measurements show that the increase in resistance is 
not the important factor in determining the increase in voltage 
drop with rotation, when current is flowing. If it were all- 
important, the voltage against the auxiliary electrode should 
decrease, for the internal resistance would increase. Prac- 
tically no loss due to the brush contact could be measured, 
so this was not considered further. 

It has been shown that the effect of increased rotation is 
to increase the voltage of the above-named cell. The re- 
sistance of the cell may be increased, it being necessary to 
postulate that the voltage increases relatively faster than the 
resistance, giving the final effect of a rise in voltage. 

In order to eliminate the effect of resistance and deter- 
mine the true increase of potential due to rotation, the voltage 
of the rotating cathode was measured against a standard 
mercury electrode, using the compensation method. The 
electrode and bridge used are shown in Fig. i . The electrode 
consisted of mercury, mercurous sulphate | 2 N sulphiuic 
acid. The following was obtained with the rotating electrode, 
12 percent copper sulphate and 15 percent sulphuric acid 
solution being used. 
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Table 4 — True Increase of Potential of Rotating Electrode 


of rotation i 

.. P. M. ; 

Voltage 

Volt 

1 

0 

0 386 

KKK^ 

0.390 

20(X) 

I 

^^•393 

3 CXX) 

0.395 

4000 1 

0.397 

500(3 ! 

0.^00 


The increase is of the same order of magnitude as that 
measured by the millivoltmeter, as given in Table 3, and also 
of the same magnitude as the rise in voltage given by the 
curve in Fig. 2, with zero current. It may be said, therefore, 
that the increase in voltage is sufficient to explain the facts as 
obtained from the extrapolation of the curve in Fig. 2. The 
increase in the effect of rotation with increased current flow- 
ing will be discussed later. No change in the potential of the 
stationary electrode with increasing rotation of the other 
could be measured. 

Having seen that the effect is caused by the increased 
potential of the rotating element, creating a back electro- 
motive force, the question as to the cause of this increased 
potential demands attention. The increase in voltage is 
necessarily due to an increased solubility of the copper from 
the rotating element, as the rotation increases. The in- 
creased solubility of the copper in the acid present, by the 
introduction of air or by the removal of the copper ions from 
the sphere of action, by more efficient stirring, thus making 
room for more, and thereby increasing the rate of solution, 
was shown to be incapable of explaining any rise. For this 
a 15 percent solution of sulphuric acid with no copper sul- 
phate was used. The voltage was measured against the 
standard electrode by compensation, but practically no change 
with rotation was obtained. Using this as a secondary cell, 
and measuring the drop of potential at the revolving element 
(cathode) by compensation, no increase in potential difference 
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could be detected, as the speed of rotation was varied. It 
must therefore be concluded that the increase in the potential 
must be due to a reaction between massive copper and the 
cupric ions in the solution. The reaction normally presenting 
itself is the formation of cuprous ions, thus: 

Cu + Cu 2 Cu. 

If it be assumed that the crystal size of the metal of the 
rotating electrode is constant, as it is while measuring single 
potentials, the solution pressure of this electrode is constant. 
Under these conditions the voltage of the electrode will be 
determined by the ratio of cuprous to cupric ions in the 
solution, the voltage being higher the lower the ratio. If 
the cuprous ions are removed rapidly from the surface of the 
metal, the ratio will be decreased, and therefore a higher 
voltage will be generated. This removal of cuprous ions is 
obtained by rapid stirring or rapid rotation. With a constant 
concentration of cupric ions, the voltage under these conditions 
will vary inversely with the concentration of cuprous ions in 
contact with the metal. The stirring increasing and hence the 
concentration of cuprous ions decreasing at the surface of the 
metal by rotation, the voltage should increase with increased 
rotation, as was actually found. Equilibrium conditions in 
the film of solution over the .surface of a stationary electrode, 
may be approximated, at least. For the sake of argument, 
on the other hand, it may be assumed that with the more 
rapid stirring, the cuprous ions are removed as fast as formed. 
These two conditions represent a change of concentration of 
cuprous ions in the surface film over the electrode, from 
practically zero, to an amount depending on the equilibrium 
ratio of cuprous to cupric ions. This concentration difference, 
from what has been said above, corresponds to a definite 
voltage difference. Having obtained this, a prediction can 
be made which may allow the theory to be checked. Keep- 
ing other factors constant, if the equilibrium ratio requires a 
relatively small number of cuprous ions instead of a large 
number in equilibrium with cupric ions, the concentration 
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difference from zero to maximum is decreased, and therefore 
the voltage difference would be decreased. Whether these 
limits can be reached actually or not is a question; the results, 
however, will be the same since the limits are approached. 
In order to test this it is only necessary to study the voltage 
rise in solutions where something is known as to the con- 
centration of cuprous relative to cupric ions, at equilibrium. 
In the first place, other things being equal, the concentration 
of cuprous ions depends on that of the cupric ions. The 
voltage variation with rotation, therefore, should be greater, 
the greater the number of cupric ions, or, in other words, the 
stronger the .solution. When this factor was varied the rise 
in voltage measured was that shown by the curves in Fig. 3. 



The slopes of the curves sh{)witig voltage differences are greater 
the more concentrated the solution. This same relation is 
shown when the cathode drop is measured, when a current is 
passed through the cell. This is shown by curves in Fig. 4. 

Variation of the acid concentration affects the equilibrium 
in the same direction as the variation of cupric ions. The 
voltage difference should be greater, therefore, the stronger 
the acid. The validity of this prediction may be seen from 
the curves in Fig. 5, where the acid content of a 12 percent 
copper sulphate solution is varied. The voltage difference. 
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with increased rotation, shown by the slope of the curves, 
increases with increased acid concentration. 

The 12 percent solution was run at 50® C, the increase in 
ai^le potential being about one millivolt greater than at room 
temperature. This difference is not large but is in the proper 



or 


Fig- 4 



Fig. 5 

direction, since a high temperature increases the concentration 
of cuprous ions in equilibrium with cupric ions. 

In the copper coulometer, it is well known that alcohol 
decreases the concentration of cuprous ions at equilibrium. 
The voltage difference, therefore, with increased rotation, 
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should be less when alcohol is present, than when absent. 
With 15 percent alcohol in the solution the voltage rise is 
slight, as is shown in Fig. 6, being 0.003 volt as compared with 
0.010 for the solution without alcohol. 



As a final check on the theory, the potential of the rota- 
ting element was measured in a hydrochloric acid solution of 
cuprous chloride. This is also shown in Fig. 6. The potential 
decreases markedly from stationary to 1000 revolutions per 
minute and then very slightly as the rotation is increased. 
The explanation is simple There are a small number of cupric 
ions at the electrode, in equilibrium with the cuprous ions and 
metallic copper By rotating the electrode these cupric ions 
are removed, being replaced by undis,sociated cuprous salt 
which may dissociate to maintain the concentration of cuprous 
ions. The voltage, therefore, decreases, with rotation, by an 
amount depending on the efficiency of removal of cupric ions 
from the electrode. 

It has been shown recently by work' on the quantitative 
separation of copper, that the corrosion of a stationary piece 
of copper in nitric acid solution was many times that of a 
rotating piece. This is explained by considering that the 
rotation prevents the accumulation of nitrous acid at the 

' Stansbie: Pr<ic. of the Faraday Soc., November 26 (igii). 
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surface of the copper, by reduction of the nitric acid, since it is 
thrown off practically as fast as formed. The nitrous acid, 
the active agent in dissolving copper, not being allowed to act, 
the metal is corroded only slowly as compared with the 
stationary sheet where this reagent may accumulate. 

Since the solubility is decreased by rotation, the electro- 
motive force or the potential of the metal should decrease 
with rotation in nitric acid solution. This was checked ex- 
perimentally and found to be true. The cturve is shown in 
Fig. 6. 

It has been seen (Table i and Fig. 4) that the drop across 
the cell, with current flowing, is greater than 10 to 15 milli- 
volts, or the value accounted for, by the increased voltage 
of the cell in the direction opposite to the flow of the current. 
A part of this is unquestionably due to an increase in re- 
sistance by air bubbles as was stated above. Aside from this, 
however, the back electromotive force of the rotating elec- 
trode may be higher than the electrode potential measured. 
The current will deposit cuprous ions more easily than ac- 
complish the reduction of cupric to cuprous ions. The con- 
centration of cuprous ions, during this electrolysis, therefore, 
may be considered practically negligible. Since their con- 
centration is zero, the voltage, or back electromotive force, 
will be greater than when appreciable amounts of these ions 
are present, as must be the case when single potentials are 
measured. 

From this work, it may be concluded that : 

1. There is a definite, measurable increase in potential 
difference in the electrolysis of acid copper sulphate solution, 
as the speed of rotation of the cathode is increased from 
1000 to 5000 r. p. m., for instance. 

2. From Fig. 2, the increase indicated to maintain zero 
current is about 0.010 or 0.015 volt. 

3. This can be accounted for by the increase in the 
rotating electrode potential, with increased rate of rotation. 

4. The increase in the potential of the rotating electrode 
with increased rotation is due to the tendency to form cuprous 
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ions, the increase being greater when conditions are favorable 
for the formation of cuprous ions, and vice versa. As the 
rotation increases, the stirring becomes more efficient, the 
cuprous ions are removed, and the solubility of the copper is 
therefore increased. This gives rise to a higher voltage. 

5. The potential of the rotating electrode (cathode when 
current is flowing), may be much higher than that measured 
here without current, probably due to the removal of cuprous 
ions from the solution by precipitation. ■ 

6. The increase in the drop of potential with increasing 
rate of rotation of the cathode in the copper-copper sulphate 
electrolysis is probably due, in part, to an increased resistance. 

7. The decrease in the potential of the electrode in cuprous 
chloride solution is due to the more rapid removal of the 
cupric ions with stirring, thus removing the reagent dissolving 
the copper. 

8. The potential of a rotating electrode in nitric acid goes 
down with increasing rate of rotation, due to throwing off 
more and more thoroughly the film of nitrous acid, thus 
decreasing the solution of the copper, and therefore, its 
voltage. 

9. The solution pressure of a metal is increased, if the size 
of its crystals be decreased. This is made apparent by an 
increase in the potential of the metal as the crystal size is 
decreased, by hammering or burnishing, for instance. It is 
also shown by the fact that fine-grained metal (electrolytic 
copper) is electropositive to more coarsely crystalline metal 
(cast copper) . 

Electrochemical Laboratory 
Cornell Ihnversiiy 



ON THE MOLECULAR CONSTITUTION OF THE FREE 
SURFACES OF LIQUIDS 


BY M. M. CARVER 


In a former paper on the polymerization of liquids 
I discussed the equation 


26 m 


(A) 


and the interpretation there given led to the hypothesis that 
the attractive forces between molecules, like the pressures 
exerted by molecules, were independent of the mass of the 
molecule.* 

While this hypothesis did not seem very probable, it 
yet appeared necessary to assume such molecular forces in 
order to interpret the above equation. However, further 
study of the subject has suggested an alternative hypothesis 
that seems more probable. In a later supplementary note® 
attention was called to the fact that both (> and m are re- 
quired to represent experimentally determined values. Hence 
the ratio p/m is not only constant for a given temperature but 
both the terms p and m are also constant. Therefore, the 
supposition that the ratio, only, was constant while the terms 
varied proportionally, is inadmissible, or not in accordance 
with the experimental facts. Since the equation (A) above, 
is shown to be applicable to every liquid, whether poly- 
merized or not, it follows that unless the superficial film is 
constituted differently from the interior of the liquid, that all 
liquids are equally polymerized or are equally unpolymerized. 
Now there is indisputable evidence which proves that all 
liquids are not equally polymerized. The characteristic of 
equality of condition indicated by equation (A) can apply, then, 
only to the surface portions. If we suppose that the surface 


Jour. Phys. Chcm., i 6 , 454 (1913). 
Ibid., 16, 679 (1912). 
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of a liquid in equilibrium with its saturated vapor has the same 
molecular constitution as the vapor immediately in contact 
with it and that the attractive forces per molecule are numeri- 
cally equal to the pressure the same molecule would exert 
if there were no attractive forces, then equation (A) would be 
completely satisfied, for such supposition would be in com- 
plete accord with the experimental requirement that the 
molecular weight used must be determined from the density 
of the saturated vapor. The value of w as thus determined 
may or may not agree with the generally accepted value 
as determined from the density of the unsaturated vapor, but 
will depend upon whether the vapor is already polymerized 
or not. For instance, the molecular weight of saturated acetic 
acid vapor at the boiling point of the liquid averages 96 or 97 
instead of 60 as obtained from the density of the unsaturated 
vapor at higher temperatures. 

The only difficulty that requires a departure from current 
conceptions regarding the nature of liquids lies in the fact that 
the average density p of the liquid, which may be more or less 
polymerized, is the same as the density of the unpolymerized 
film on the surface, which, from equation (A) above, should 
have the same molecular constitution as the vapor immediately 
in contact with it. This difficulty, however, does not seem 
insuperable. If we regard the interior of a liquid at a distance 
greater than s, the range of molecular action, from the surface 
as possessing the same molecular potential everywhere within 
the interior, the polymerization in the interior merely implies 
that the average molecular volume is independent of polym- 
erization, the density being determined solely by the molec- 
ular forces acting between individual molecules in the bound- 
ing surface. We should have to assume that it is these forces 
at the bounding surfaces that determine the density and 
consequent volume of the liquid and that in the interior of a 
liquid the average force due to the liquid acting on each mole- 
cule in any given direction is zero, but that in consequence of 
the relatively crowded condition as compared with the gaseous 
phase, complexes are formed so as to act temporarily as single 



388 


M. M. Garver 


molecules in so far as their average energy of translation is 
concerned. Such a view would account for all the pecu- 
liarities which we attribute to polymerization. It would also 
explain why, as a general rule, polymerization decreases 
with increased temperature, or as the average energy of 
translation increases. This view, also, would enable us to 
account for the experimentally observed fact that as the tem- 
perature rises, the pressure of the saturated vapor of polym- 
erized substances, such as the alcohols, increases more 
rapidly than is observed with less polymerized liquids. For, 
as the temperature rises and polymerization diminishes, not 
only do the surface forces diminish but the ability of the 
interior liquid to supply unpolymerized molecules to the vapor 
necessitates a greater density of the vapor, or a larger number 
of molecules per unit area, to equilibrate this increased ability 
to supply vapor molecules. 

The matter may be easily understood if we abandon the 
idea of all hypothetical interior molecular pressure in liquids 
other than is indicated by the equation (A) which represents 
the rate of change of momentum normal to one side of a given 
element of area. If we regard the interior of a liquid drop, for 
instance, as subjected to no forces except the superficial ones 
which determine the density, and to the forces between mole- 
cules which have slight influence beyond the range of molec- 
ular action and which merely determine the average curva- 
ture in the path of the molecules, then the constancy of the 
average molecular volume can be seen to be independent of 
polymerization and to depend solely upon the attractive 
forces of unpolymerized molecules lying in the bounding 
surface between the vapor and liquid phases. The bounding 
surface with its attractive forces simply replaces the con- 
fining walls that would be necessary if the substance were a 
perfect gas of the same temperature, density, and molecular 
weight as the saturated vapor. In terms of stress and strain, 
since the molecules and complexes are assumed to be free and 
executing independent motions, the only strain that can result 
from a normal stress must be represented by the density. So 
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far as “pressure” and strains are concerned, the interior of an 
ideal or “perfect” liquid, must resemble exactly the interior 
of an ideal or “perfect gas” except that the molecular paths 
are in general curves instead of straight lines terminated by 
“collisions.” 

State C ollege, Pa 
Feb. 12 y 



COLLOIDAL SUSPENSION OF GRAPHITE 


BY HENRY L. DOYLE 

Experiments were made at first to determine whether 
substances, which are adsorbed by carbon and graphite, 
have a marked peptonizing action on thcim. Boneblack and 
Acheson graphite were used and were ground in an agate 
mortar. In the earlier experiments they were ground diy, 
but later they were ground wet, being ground for one hour 
in the solutions in which they were to be suspended. 

Since Spring' had found that soap solutions would wash 
rouge or boneblack through filter paper, this seemed to offer a 
promising line of attack. Finely ground boneblack was placed 
on a filter and washed with distilled water until the wash 
water ran through colorless. The residue on the filter was 
then washed with a 5 percent sodium oleate solution. Carbon 
was carried through the filter. A similar experiment was then 
made with graphite and a similar result obtained. Negative 
results were obtained with boneblack, using 0.5 percent and 
5.0 percent solutions of sodium chloride, cupric nitrate, 
caustic soda, acetic acid, hydrochloric acid, and gelatine.* 
Negative results were obtained with saturated and half- 
saturated solutions of mercuric chloride; and also with chlorine 
water. The 5 percent sodium oleate solution not only carried 
the carbon through the filter but held it pretty well in sus- 
pension over night. In fact, the carbon had not all settled 
at the end of two days. 

All of these substances are adsorbed readily by some 
forms of carbon and yet only one of them, soap, carried 
the boneblack through the filter paper. Since there was a 
possibility of a disturbing effect due to the filter paper, it was 
decided to change to suspensions in stand-glasses and to note 
the relative rates of settling. 

A considerable amount of boneblack was ground up and 

‘ Zeit. Kolloidchemie, 4, 161 (1909); 6 , 11 , 109, 164 (1910). 

® Ammonia was added to the 5 percent gelatine. 
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the same amount, so nearly as possible, was taken for each 
experiment. The experiments were made in stand-glasses 
holding about 500 cc. Since there might be an optimum 
concentration, ejtperiments were made with 0.5, i.o and 5.0 
percent solutions of sodium chloride, acetic acid, chlorine 
water, caustic soda, hydrochloric acid, cupric nitrate, gelatine, 
sugar, and soap. Only with the last three substances was 
there any noticeable suspension. The most dilute soap solu- 
tion kept up a little boneblack, the i percent solution more, 
while the 5 percent solution was quite efficient. The most 
concentrated sugar solution did fairly well; but the results were 
negative with the 0.5 percent solution. Only the most con- 
centrated gelatine solution had any protecting action and 
that one not much. The 5 percent gelatine could not be 
kept fluid enough at ordinary temperatures. Consequently, 
the experiment was made at about 50® in a water bath, using 
a 100 cc stand-glass. The largest particles are formed in the 
acetic acid, hydrochloric acid, and chlorine solutions, while 
fairly large particles are formed in the cupric nitrate solutions. 
With hydrochloric acid there was a visible evolution of gas, 
presumably from calcium carbonate in the boneblack. 

Since sodium oleate and gelatine both keep up the carbon, 
and since both lower the surface tension of water, it seemed 
worth while to consider whether solutions of the two having 
the same surface tension have approximately the same effect 
in keeping boneblack in suspension. The weight per drop 
from a given orifice was found to be 0.042 gram for water, 
0.038 gram for a 2 percent gelatine solution, and 0.016 gram 
for a 2 percent sodium oleate solution. Since the lowering 
of the surface tension of water is much greater for a given 
weight of soap than for an equal weight of gelatine, it was 
necessary to keep down to a low soap concentration. It was 
hoped that a gelatine .solution might be made having as low a 
surface tension as a i percent sodium oleate solution. This 
proved to be impossible, since a 10 percent gelatine solution 
gives a much higher drop weight at 60° than a i percent soap 
solution at ordinary temperatures. An attempt was made to 
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keep Ae gelatine solution fluid at lower temperatures and a 
solution was therefore made up containing lo percent gelatine 
and 5 percent ammonium sulphocyanate. This was so 
viscous at ordinary temperatures that experiments with it 
seemed useless. 

It seemed desirable to try some experiments with a 
dissolved substance which was not an electrolyte and which 
was readily adsorbed by carbon. Iodine was apparently 
the most satisfactory substance for this purpose; but its 
sparing solubility in water made another solvent necessary. 
Benzene was the first one tried. Benzene solutions were 
made up containing 1-5 percent iodine. Boneblack was 
ground with some of the benzene solution in an agate mortar 
for an hour and was then poured into the rest of the benzene 
solution in a 100 cc glass cylinder. The time was determined 
for the boneblack to settle practically completely. Check 
experiments were run with benzene, containing no iodine. 
No difference could be detected due to the iodine. The ex- 
periments were repeated, allowing the mixtures to stand for a 
definite time, and then filtering. The residues were washed 
with benzene until all traces of iodine were removed. The 
two sets of residues on the filters were identical so far as the 
eye could tell. 

A corresponding set of runs was also made with graphite 
instead of boneblack. The same results were obtained. 
Since graphite did not stay up well in benzene and since it 
did not grind easily in this liquid, a change was made to 
absolute alcohol. 

At the end of a given time the bulk of the liquid in a 
cylinder was decanted and enough caustic potash solution 
added to decolorize the iodine. Of course the same amount 
was added in the check test where the alcohol contained no 
iodine. With boneblack, one run gave more carbon sus- 
pended in the iodine solution, one the same amount, and one 
less. The experimental error seems to be rather large; but 
there is no proof of any increased suspension due to the 
iodine. Negative results were also obtained with graphite. 
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Since the adsorbing power of boneblack varies very much 
with the previous history of the sample^ and since it was not 
certain whether the graphite adsorbed any appreciable amount 
of iodine, some experiments were made in regard to this. 
Saturated solutions of iodine in water were made up and then 
filtered so as to remove all particles of undissolved iodine. 
The filtered solutions were placed in 500 cc glass-stoppered 
bottles. One was shaken with boneblack and the other 
with Acheson graphite. After settling, the bottle containing 
the boneblack was much less colored than the one containing 
graphite. After several shakings, the liquid was completely 
decolorized in the bottle containing boneblack while the 
liquid in contact with graphite was changed but slightly. 
This seemed to show that iodine was only slightly adsorbed by 
graphite and that the adsorption by boneblack was very 
much greater. The bottles were put away for two weeks 
however and at the end of that time the liquid in contact 
with graphite was also decolorized. This looked as if the 
difference were more a matter of rate of adsorption than of 
total adsorption. 

Since the rate of adsorption of iodine by graphite is 
evidently low, it seemed wise to repeat the experiments on 
suspenvsion by shaking a solution of iodine in alcohol for a 
long time with graphite, making a parallel run with a similar 
bottle containing graphite and alcohol only. To one bottle 
was added 60 cc absolute alcohol, i gram graphite and 6 grams 
iodine, while the other bottle contained 60 cc absolute alcohol 
and I gram graphite but no iodine. The tw^o bottles were 
shaken for several days a few hours a day and tlien allowed to 
stand. Equal portions of the liquids were decanted into 
glass cylinders and equal quantities of a dilute caustic potash 
solution added to each. The amount added was sufficient to 
decolorize the iodine solution. Owing to the alcohol iodoform 
was formed. Each solution was filtered through a tared 
filter and the iodoform was dissolved with ether. The ether 

* Pelet-Jolivet : Die Theork* des Fkrbeprozessess, 58 (1911). 
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apparently extracted some iodine from the graphite as well. 
The filters were dried and weighed. There was slightly more 
graphite from the bottle containing iodine than from the other. 
So far as this one set of experiments shows anything, the 
iodine does keep the graphite up a little. The experiment 
was not repeated because the real conclusion to be drawn 
from it seemed to be that iodine keeps graphite in suspension 
very slightly, if at all. 

Since boneblack varies very much in composition, a 
sample was ignited. It gave 83.5 percent of ash, presumably 
calcium phosphate. It is quite possible that different results 
would have been obtained with a boneblack from which the 
calcium phosphate had been removed; but it seemed wiser at 
first to work with material similar to that used in most ex- 
periments on adsorption. Incidentally an ash determination 
was made on a sample of natural graphite marked C. P. It 
showed 43 percent of ash. This material was not used in 
any of the experiments. 

It was now decided to try the effect of protecting colloids. 
As a preliminary, a sample of aquadag was analyzed. The paste 
was dried on an air bath at about ioo°-i25°. When nearly 
dry, the hard cake was ground in an agate mortar, dried and 
ground again. In a gram sample, determinations were made 
of volatile matter 9 percent, and ash 8 percent. The ash 
was dissolved in sulphuric acid, filtered and precipitated 
with ammonia. The ferric oxide was dried and weighed. 
The copper was determined electrolytically. The dried sample 
of aquadag contained 3.2 percent FcjOj and 1.2 percent Cu. 

It did not seem probable that aquadag would contain so 
much iron unless this were beneficial in some way. To test 
this, a fairly dilute solution of ferric acetate was boiled for a 
few minutes so as to hydrolyze it. One gram of finely ground 
graphite was added to 60 cc of this solution and i gram to 
60 cc water. The mixtures were placed in 100 cc bottles and 
wCTe shaken for an hour and a half with a power shaker. 
The bottles were allowed to stand for 2 hours when equal 
amounts of the supernatant liquid were poured off, sulphuric 
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acid being added to dissolvef the colloidal ferric oxide. There 
was more graphite suspended in the liquid from the bottle 
containing iron. To the residues in the bottles, water was 
added, and the bottles shaken as before. As before, more 
graphite was in suspension in the liquid from the bottle to 
which iron had been added. Water was added again to the 
residues with the same result. When these last solutions 
were filtered, a distinct difference could be seen in the char- 
acter of the graphite. In the one containing iron, the particles 
were fine and covered the entire surface of the filter, whereas 
the particles from the water were agglomerated and formed 
little heaps. These experiments show that a hydrolyzed 
ferric acetate solution keeps finely-divided graphite in sus- 
pension to a certain extent. It would have been rather 
gratifying to have tried these experiments and the later ones 
with the same graphite which is used in making aquadag and 
oildag; but the Acheson company refused to sell any. 

Experiments were now made with mixtures of iron salts 
with organic substances, beginning with gelatine. Half a 
gram of graphite powder, half a gram of gelatine and about 
o.i gram ferric chloride w'ere placed in a bottle together with 
6o cc water and a lot of glass beads. Another bottle was 
equipped in the same way except that the ferric chloride was 
omitted. Both bottles were shaken for 4 hours in a power 
shaker. On standing, no difference could be detected between 
the bottles. The contents of the bottles were then diluted 
to 500 cc and allowed to stand. If anything, the suspension 
was less satisfactory in the bottle containing the ferric chloride. 
Similar experiments using less ferric chloride, were no more 
satisfactory. Substituting 0.5 gram tannic acid for the 
gelatine and shaking for 10 hours, did not improve matters, 
nor did cutting down the tannic acid to o.i gram. 

The experiment with tannic acid was repeated, adding 
ammonia until it could be detected by the smell. The bottle 
was shaken and opened from time to time to find out whether 
the solution was still ammoniacal. If not, more ammonia 
was added. The result was apparently a beautiful black 
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suspension which remained black. Unfortunately, most of 
this was due to the formation of an iron ink, which ought 
to have been foreseen. Similar experiments with catechu 
gave no satisfactory results. It seemed possible that the 
method was faulty, so experiments were made to find out a 
good method for getting catechu into suspension. In one case 
the catechu was ground and heated with water, after which 
ammonia was added; in the other case the ammonia was 
added to the catechu before the heating took place. The 
second method gave better suspensions of catechu. Qualita- 
live experiments were then made as to the action of an am- 
moniacal suspension of catechu on graphite. To one of the 
bottles fine iron filings were added. Both bottles were shaken 
in the power shaker; the solutions were diluted and stirred 
by bubbling air through them. After standing over night, 
equal amounts were taken from each cylinder and precipitated 
with concentrated hydrochloric acid. The precipitates were 
separated by filtration. There was a larger residue from the 
bottle containing iron. The experiment was repeated several 
times, always with the same result. 

A few quantitative runs were made using a suspension 
containing 25 cc water, 0.5 catechu and 10 cc ammonia as 
deflocculating agent. In the first run 5 grams graphite and 
0.5 gram Fe (5 grams graphite and no iron in the check ex- 
periment) were ground for 2 hours in a McKenna grinder 
with 10 cc of the deflocculating agent, a little water being added 
when necessary to keep the mass of the right consistency. 
The ground mass was diluted to 1000 cc and 100 cc samples 
pipetted off after standing. After precipitation with con- 
centrated hydrochloric acid, the precipitates were collected 
on tared filters and weighed. In some cases still greater 


dilutions were taken. The following results were obtained 


No iron 

1 

With iron 


Gram 

1 Gram 

Weight of precipitate 

0.0350 

0.0812 

Weight of precipitate 

O.OIIO 

0.0275 

Weight of precipitate 

0 . 0092 

0.0188 
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The presence of iron causes at least twice as much graphite 
to be kept in suspension by an ammoniacal catechu sus- 
pension as would be the case without iron. The character 
of the suspension is better as shown by filter-paper tests. 
The character of a deposit can be judged by the edge of the 
circle where the drop is placed. There should be no saw-tooth 
effect; the color should go through the paper and also extend 
out as far as the water does, or nearly as far. , 

No experiments have been made with copper salts; but 
it is interesting to note that Pickering^ obtained good emul- 
sions of kerosene in water with basic ferric sulphate or cupric 
sulphate as emulsifying agent. 

At the suggestion of Mr. Briggs I tried a solution of 
caseine in sodium phosphate as a means of keeping graphite 
in suspension. A very good suspension was obtained which 
seemed to stay up indefinitely and w'hich was not very sensitive 
to acids. 

Experiments were next made to determine, if possible, 
under what conditions graphite could be suspended in machine 
oil. Catechu could not be used because it did not dissolve 
in machine oil and seemed to undergo a decomposition when 
heated in oil. When ground with graphite and oil, catechu 
gave no suspensions, or rather the suspensions settled at once. 
It was, therefore, necessary to find some other colloid, and it 
seemed as though the best thing would be a gum or resin 
which would dissolve in hot oil. 

The first substance to be tried was resin; but no satis- 
factory results were obtained with this. Melted resin was 
added to hot or boiling oil; but the graphite did not stay in 
suspension unless the mixture was very thick. The pro- 
cedure was to heat about i gram of resin until it was volatiliz- 
ing rapidly, to add 75 cc hot oil, and then to boil. Of the 
resulting mixture, amounts varying from one drop to 5 cc 
were added to enough oil to make 15 cc and the whole ground 
with 2 grams of graphite for 30 minutes in a McKenna grinder. 


Jour. Chem. Soc., 9 i» 2001 (1907)* 
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In no case would a dilute solution of resin keep the graphite 
in suspension. 

Shellac did not dissolve in the oil and asphaltum did not 
keep the graphite up until the concentration was high enough 
to make the mass sticky. 

It next occurred to me that perhaps ferric oxide might 
work well. Graphite was therefore ground first with moist 
precipitated ferric hydroxide and afterwards with oil. A 
suspension of graphite was obtained in this way, but it was 
not very satisfactory. I varied the relative amounts of ferric 
hydroxide and water from an almost dry paste to a liquid, 
and the absolute amounts from a drop to a cubic centimeter. 
The best suspension was obtained with small amounts both of 
water and of ferric hydroxide. The method seems to have 
possibilities if the grinding with the oil could be carried on at 
a temperature at which the water would evaporate until the 
protecting action of the ferric hydroxide was a maximum. 

Since soap had proved serviceable when making sus- 
pensions of graphite in water, it seems worth while to try 
something similar for suspensions in oil. In view of the fact 
that paint-makers find that the addition of a little water 
enables them to keep the paint up better in the oil, the addi- 
tion of water was also to be considered. In the first runs 
sodium oleate was used, the soap and water being ground 
with the graphite for lo minutes. The oil was then added, a 
little at a time, the grinding being kept up for 20 minutes 
longer. The following results were obtained with 2 grams 
graphite, o.i gram sodium oleate, 15 cc oil, and varying 
amounts of water. 


Water 

Suspension 



1 . 0 CC 

1 

Stiif emulsion cracking soon 

0.5 cc 

Stiff emulsion cracking soon 

0.3 cc 

Stayed up somewhat longer 

0.2 CC 

Stayed up thirty minutes 

O.I cc 

Fair suspension 

2 drops 

Fair suspension 

i drop 

Good suspension for 1 2 hours 

0 

Not so good as preceding 



Colloidal Suspension of Graphite 


399 


Magnesium soap was tried next and was made by heating 
sodium oleate with a magnesium sulphate solution, the 
magnesium oleate separating. As in the case of the sodium 
oleate, the best results were obtained with only one drop of 
water. The suspension with magnesium oleate seemed to be 
better than the one with sodium oleate. 

Since iron oxide proved beneficial in keeping graphite 
suspended in water, it seemed probable that an iron soap 
might be an excellent substance with which to make a sus- 
pension of graphite in oil. I first tried heating ferric acetate 
with sodium oleate. I got a small amount of a substance 
which I thought might be an iron soap ; but it was not a success 
as a protecting colloid. I next tried to prepare an iron soap 
by heating linseed oil with ferric oxide. After several at- 
tempts in which I did not get anything much like a soap, I 
finally got a viscous liquid which may have been a soap; but 
which contained a lot of decomposition products and which 
did not work well with oil and graphite. I went back to the 
first method; but substituted ferric chloride for the acetate. 
On heating ferric chloride solution with sodium oleate, I 
obtained a gummy mass which was insoluble in water and 
which separated readily. With this gummy material a series 
of experiments was made precisely similar to those with 
sodium oleate and magnesium oleate. So long as any water 
was added, I found it impossible to get any satisfactory re- 
sults, because the soap remained in viscous particles and 
settled rapidly. 

On the other hand, graphite with this iron soap and oil 
but no water gave better suspensions than I have been able 
to get in any other way. The amount of soap could vary 
between o.i gram and i.o gram per 20 cc and still give good 
suspensions. In one case, only Vg inch of oil could be seen 
above the suspension after standing for two weeks. 

While working with the iron soap, I also tried heating 
paraffin for about 100 hours. A dark, gummy residue was 
obtained which gave fairly good suspensions when ground 
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with graphite and oil. The results were not as satisfactory 
as those obtained with the iron soap. 

The general results of this paper are : 

1. Experiments have been made on the suspension in 
water of boneblack having 83.5 percent ash, and on the sus- 
pension in water and in oil of finely-ground Acheson graphite. 

2. Sodium oleate will hold boneblack or graphite in 
aqueous suspension; concentrated solutions of sugar or gela- 
tine have a slight effect. 

3. Although .sodium chloride, cupric nitrate, caustic 
soda, chlorine, acetic acid, and hydrochloric acid are ad- 
sorbed readily by boneblack, no one of these substances had 
any appreciable effect in keeping boneblack or graphite sus- 
pended in water. 

4. Iodine was tried with boneblack and with graphite 
in benzene and in absolute alcohol; but there was no proof 
that it was beneficial. 

5. The boneblack decolorized a saturated solution of 
iodine in water fairly quickly; the graphite decolorized the 
solution also, but very slowly. 

6. A sample of dried aquadag was found to contain 3.2 
percent Fe^O, and 1.2 percent Cu, which formed part of the 
8 percent ash. 

7. A hydrolyzed ferric acetate solution kept boneblack 
and graphite in suspension in water. 

8. Adding ferric chloride to gelatine, tannic acid, or 
catechu solutions did not have any beneficial effect. 

9. Better suspensions of catechu are obtained by adding 
ammonia before heating instead of after heating. 

10. When graphite was ground with ammoniacal catechu 
suspension and the mixture then shaken with iron filings and 
air, much more graphite was held in suspension than by 
catechu alone. 

11. A good suspension of graphite in water can be obtained 
by using a solution of caseine in sodium phosphate. 

12. No satisfactory suspension of graphite in oil could be 
obtained by means of resin or shellac. 
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13. A fair suspension of graphite in oil can be obtained by 
means of ferric hydroxide and water, using very little of both. 

14. Good suspensions of graphite in oil can be obtained by 
means of sodium oleate or magnesium oleate and a trace of 
water. A good proportion is 15 cc oil, o.i gram sodium or 
magnesium oleate, and one drop of water. 

15. An iron soap was prepared by heating ferric chloride 
solution with sodium oleate. Excellent suspensions of 
graphite in oil were obtained by means of this iron soap. 
No water should be added. 

16. A fair suspension of graphite in oil was obtained by 
means of a gummy product prepared by heating paraffin in 
the air. 

This investigation was suggested by Professor Bancroft 
and has been carried on under his supervision. 

Cornell University 



EQUILIBRIA IN SYSTEMS CONTAINING ALCOHOLS, 
SALTS AND WATER, INCLUDING A NEW METHOD 
OF ALCOHOL ANALYSIS* 

BY GEORGE - BELL PRANKKORTER AND FRANCIS COWDES FRARY 

In the course of some work involving potassium fluoride, 
it was observed that this substance would salt out ethyl 
alcohol from aqueous solution, and that it possessed this 
property over a very wide range of concentrations of alcohol 
and salt. The solid salt extracts quite a good deal of w'ater 
from ordinary “95 jjercent” alcohol, forming either two liquid 
layers, or a mass of crystals overlaid by a layer of stronger 
alcohol. In contrast to the behavior of potassium carbonate, 
this dehydration appeared to take place in a very short time, 
and it was thought that potassium fluoride might become 
technically useful as a dehydrating agent for alcohol and similar 
organic liquids. It was also thought that its salting-out 
powers might make possible a new rapid method for the 
determination of alcohol, which would have advantages over 
the specific -gravity determination in point of speed, in- 
dependence of weather conditions and adaptability to de- 
terminations where the direct determination of specific 
gravity would be impossible or inaccurate. 

It is well known that the higher alcohols, acetone, and 
many other organic liquids can be precipitated from their 
aqueous solutions by addition of various salts. Potassium 
carbonate seems to be the only substance which is capable 
of salting out methyl alcohol,* while the carbonates and 
hydroxides of sodium and potassium, sulphates of sodium, 
ammonium, cadmium, manganese, iron (ferrous), cobalt, 
nickel, magnesium and zinc, alum, sodium phosphate, thio- 

^ Inaugural Dissertation, 1912. Published as Studies in Chemistry No.i, 
Research Publications of the University of Minnesota. An abstract of this 
paper was published in the Proceedings of the Eighth International Congress of 
Applied Chemistry, 22, 87 (1912). 

^ Linebarger: Am Chem. Jour., 14, 380 (1892). 
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sulphate and silicate, potassium phosphate, citrate and 
nitrate, ammonium nitrate and ammonium citrate* are all 
capable of producing two layers in solutions of ethyl alcohol 
under certain conditions. The phenomenon of salting out, 
or the formation of layers, is not confined exclusively to organic 
compounds in water solution, as Proctor^ found that ammonia 
is salted out and forms two layers with a strong solution of 
either potassium carbonate or sodium silicate. Newth’ re- 
recently rediscovered the .salting out of ammonia by the 
carbonate. 

The dehydration of alcohol by various chemical com- 
pounds has been studied by many chemists." Of the various 
substances used, the commonest is lime, which gives an alcohol 
of nearly 100 percent. It causes, however, a large loss in 
alcohol, and is inconvenient on account of the large quantities 
of lime (0.55 kg. per liter, according to Kailan) required. 
The general theory of the drying action of a salt on a liquid, 
and the importance of choosing a salt which takes up a larger 

* Firnhabor Archiv dc*s Apothekcrvereins Norddcutschland, 7, 151 

(1824). Lincbargcr Am Chem Jour, 14, 380 (1892); Brandcs Pogg Ann., 
20, 586 (1830), Schiff. Liebig’s Ann., 118, 362 (1861), Proctor. Chetn. News, 
9, 25 (1864); Panneiiticr Compies rendiis, 104, 686 (1887), Traube and Ncu- 
berg. Zeit phys. Chem., i, 509 (1887). Bodlandcr Ibid., 7, 308 (1891); Dodge 
and Graton. Jour Phys. Chem., 2, 498 (1898): de Bruyn. Zeit. phys. Chem., 
39, 641 (1902), Fleckenstein Phys Zeit , 6, 419 (1905) 

Chem. News, 9, 25 (1864). 

* Jour. Chem. vSoc., 77, 775 (i()oo) 

* Soubeiran. Liebig's Ann., 30, 356 (1839), MendclcV‘f. Zeit. Chemie, 
1865, 260; Erlenmeyer Liebig’s Ann., 160, 249 (1871); Smith: Chem News, 
30,235 (1874); Lescocur: Bull Soc chim. Paris, [3] 17, 18 (1897), Vvon. 
Comptes rendus, 125, 1181 (1897), Ostermeyer’ Pharm. Zeit, 43, 99; Zeit. 
anal. Chem., 39, 654 (1900); Vitali- Boll. chim. farm., 37, 257, Zeit. anal Chem , 
39, 46 (1900); Bull' Chem. Zeit., 24, 814, 845 (1900), Young Jour. Chem. Soc., 
81, 707 (1902); Evans and Fetsch: Jour. Am. Chem Soc,, 26, 1158 (1904); 
Winkler: Ber. chem. Ges, Berlin, 38, 3612 (1905); Elektrochem. Werkc Bittcr- 
feld, Brit. Pat. 31,567, Sept. (1906) and Ger. Pat. 175,780 Sept. (1905); Klason 
and Norlin. Archiv Kem. Min. Geol., 2, i (1906); Jour Chem. vSoc., 90, I, 921 
(1906); Kailan: Monatsheft, 28, 927 (1907); Pliickcr. Zeit. Nahr. Genussm, 
* 7 > 454 i Pozzi-Escot: Bull. Assoc. Chim. Suer. Dist., 26, 580; Hess U. S Pat 
996,763; Chem. Fabr. Griesheim Elektron, Ger, Pat. 236,591; Foote and Sholes. 
Jour. Am. Chem. Soc , 31, 1309 (1911). 
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percent of its weight in water have been discussed by Foote 
and Sholes.^ Of the salts which can give a product con- 
taining over 97 percent alcohol, lime takes up 32 percent of 
its weight of water, anhydrous copper sulphate 11 percent, 
anhydrous zinc sulphate ii percent, magnesium sulphate 15 
percent, anhydrous barium chloride 7.7 percent, and an- 
hydrous potassium carbonate 13 percent. According to the 
results of Foote and Sholes, the lowest hyftrates of these 
substances are in equilibrium with 99.5, 99.5, 99.4, 99.4, 
98.4, and 99.3 percent alcohol, respectively, at 25°. At 
boiling temperatures, however, Kailan found that he could 
get 99.9 percent alcohol by the use of lime. Potassium 
fluoride, absorbing 62 percent of its weight of water to form 
the lowest hydrate, and being in equilibrium at this point 
with 97.5 percent alcohol, according to work described herein, 
certainly deserves to rank well among drying agents for 
liquids miscible with water, and by virtue of the speed with 
which it absorbs this water, it has many advantages over 
lime and potassium carbonate, which are notoriously slow 
to reach equilibrium. Foote and Sholes state that the equilib- 
rium with magnesium sulphate was reached very slowly, and 
experience with copper sulphate will convince any one that 
it is not a rapid dehydrating agent. Calcium carbide, calcium, 
aluminum and magnesium and their amalgams have been used 
to remove the last trace of water. 

Among organic chemists, it is quite common to dry 
certain liquids over a saturated solution of potassium car- 
bonate. This has the advantage over the use of the solid 
salt that the loss of liquid, mechanically, is less, and it is 
much quicker. Any salt which would be suitable for this 
purpose must have a decided “salting-out” power, and its 
saturated solution must have a low vapor tension. With 
the exception of potassium carbonate, and the hydroxides of 
sodium and potassium, none of the salts named above as able 
to salt out alcohol are deliquescent, so that their hydrates. 


^ Jour. Am. Chem. S(k., 33, 1309 (1911), 
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not to speak of their saturated solutions, have relatively large 
vapor tension. By plotting the results of Foote and Sholes, 
the curve shown in Fig. i is obtained, showing the vapor 



Fig 1 — Equilibrium between Alcohol, Water Vapor, and Salts 

tension of the w'ater in strong alcohol. The solutions of 
alcohol with which saturated solutions of potassium carbonate 
and fluoride and the solid hydrates are in equilibrium, w'hen 
plotted on this curve, give the approximate value of their 
vapor tension. It will be seen that while the vapor tension 
of the hydrate of potassium carbonate is lower than that of 
the hydrate of the fluoride, the saturated solution of the 
latter has a low’er vapor tension than that of the former, and 
hence is a better drying agent. From this curve it appears 
that, neglecting the effect of the small amount of dissolved 
potassium fluoride on the vapor tension of the alcohol, the 
vapor tension of the saturated solution of the fluoride is 6.9 
mm, and that of the solid hydrate 3.5 mm. 

The fact that potassium fluoride “salts out’’ alcohol 
from aqueous solution seems never to have been mentioned 
in the literature, although it must have been noticed by 
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Berzelius^ who first described the salt, and was amazed by 
its power to slowly etch glass. He attempted to extract the 
free acid which he supposed must be present, by shaking the 
concentrated solution with alcoholic potash, but found the 
salt unchanged by this treatment. Rose* must also have 
noticed the salting out, as he tried to separate the fluoride 
into an acid salt and free potash by recrystallization, and 
when this did not work, by precipitation with alcohol. He 
speaks of treating a very concentrated solution of the salt 
with strong alcohol, “by which only potassium fluoride con- 
taining water was precipitated, while a very small amount of 
potassium fluoride remained dissolved in the alcohol.” He 
is evidently speaking of the precipitation of the hydrate in 
crystalline form, as he says again, after speaking of the diffi- 
culty of obtaining the hydrate in crystalline form from an 
aqueous solution by ordinary means: “This [hydrate] is 
obtained more easily if one adds strong alcohol to a con- 
centrated solution of potassium fluoride. Only a little of the 
salt is dissolved, the greater part of it precipitates in a hydrated 
form (im wasserhaltigen Zustand).” He determined the per- 
centage of water in the hydrate, mentioning especially that 
two samples were precipitated by alcohol and dried between 
filter papers. His analyses indicate that he was working 
with the hydrate KF.zHjO, which has since been analyzed 
and identified as the only one formed at ordinary temperatures, 
by Guntz,* Fremy,* Mylius and Funk* and de Forcrand." 
The latter author has also shown the existenee of a hydrate 
KF.4H2O, formed below 20°, and melting at 19.3°, while the 
other hydrate melts at 41°. The person who comes the 
nearest to mentioning the salting-out power of this salt is 
Carnot,* who, in purifying some of it, mentions adding strong 

• Pogg. Ann., I, II (1824). 

• Ibid., ss, 538 (1842). 

• Ann. Chim. Phys., [6] 3, 17 (1889). 

‘ Ibid., [3] 47, 27 (1856). 

• Her. chem. Ges. Berlin, 30, 1716 (1897). 

• Comptes rendus, 152, 1073 

» BuU. Soc. chim. Paris, [3] 9, 71 (1893). 
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alcohol to the solution until a slight cloudiness appears, allow- 
ing to stand, and filtering, apparently for the purpose of re- 
moving fluosilicates. 

Aside from the work above mentioned, there is very little 
literature on the properties of the neutral potassium fluoride 
or its solutions, and none on its preparation.' It would 
seem that very few people have ever used it, and it is not listed 
in most chemical price-lists. 

The precipitation of a liquid from water by the addition 
of a salt comes under that general class of equilibria in ternary 
mixtures where two liquid phases are possible. The general 
theory of such systems, and the form of the isotherms ob- 
tained, have been very thoroughly discussed by Schreine- 
makers.* There are four classes into which such equilibria 
are divided: (1) each of the three components forms a binary 
system having two liquid phases when mixed with either of the 
other components; (2) two liquid phases are found in two of 
the possible binary systems above mentioned but not in the 
third; (3) in only one of the binary systems can two liquid 
layers appear; (4) each component, mixed witli either of the 
others, gives a system with only one liquid phase, i. e., a solu- 
tion of one in the other, and only when all three are present 
can two liquid phases exist. All the above classes refer to 
stable systems only, all four are realizable experimentally, 
and examples of each have been studied. The salting-out 
of the alcohols here studied comes under the fourth class, since 
neither in the system alcohol-water, alcohol-salt (free from 
water) nor water-salt can two liquid layers be formed, but 
when all three are present in certain proportions such layers 
are formed within certain limits of temperature. 

In representing ternary systems, Schreinemakers and 

’ F. W. Clarke; Am. Jour. Sci., [3] 13, 291 (1879); Kohlrausch: Wied. 
Ann., 6, 17 (1879): Guntz; Comptes rendus, 97, 256 (1883); Tammann: Wied 
Ann., 24, 530 (1885); Petersen; Zeit. phys. Chem., 4, 384 (1889); Ditte- Comptes 
rendus, 123, 1281 (1896); 124, 29 (1897); Pauli; Zeit. Elcktrochcinic, 3, 474 
(1897)5 Tanatar; Chem., 28, 255 (1901); Fox and Herz; Ibid., 

35, 129 (1903); Karadeef; Centr. Min., 1909, 728, Chem. Abs., 4, 433 (1911)- 

* Zeit. phys. Chem., aa, 93, 515; as, 649 (1897). 
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others have employed a system of coordinates founded on the 
equilateral triangle. If the three vertices of the triangle 
ABC (Fig. 2) represent the three pure components, points 
on the side AB of the triangle represent mixtures of the two 
substances A and B, while any point within the triangle re- 
presents a mixture containing all three substances. In 
plotting such a point, distances are measured parallel to the 
sides of the triangle, the distance thus measured to any side 
showing the percent of the component which is represented by 





Fig. 2 — General Form of the Isotherms in a 
Ternary System of the Fourth Class 

the vertex opposite to that side. Since the sum of such 
distances is equal in length to a side of the triangle, such sum 
is 100 percent, and any possible percentage composition 
of the mixture can be represented by a point within the 
triangle, and every point within the triangle represents a 
possible mixture of all three components. In such a triangle 
there will always be a line which marks the boundary between 
the homogeneous and heterogeneous systems. In the case 
which we are considering, where one of the components is a 
solid, this curve at a given temperature will in general consist 
of three parts : 

(i) a line DE (Fig. 2) starting from the point D which 
represents the composition of a saturated solution of the salt 
in water, and running to that point E within the triangle, 
which represents the composition of the lower of the two 
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liquid layers which are in equilibrium with the hydrate of the 
salt (if it forms one at that temperature). This point may be 
considered to be that saturated solution of the salt in water, 
which has then been saturated with alcohol. In general, the 
addition of the alcohol reduces the percentage of the salt 
in the mixture, by precipitation of part of the salt. This 
point E then represents a saturated solution of salt in water, 
in which part of the salt has been replaced by alcohol until the 
further addition of alcohol produces no change in the composi- 
tion of the solution. 

(2) From this point E a line EPF runs to the point F 
representing the composition of the upper layer (alcoholic 
solution of the salt and water) which is in equilibrium with the 
.solution at E, and also with the hydrate of the salt (or the 
anhydrous salt, if no hydrate exists under the given condi- 
tions). The point at which these two solutions coexist is a 
quadruple point, since four phases (a solid, two liquids and a 
vapor) are present. Since there are but three components in 
the four phases, the system at this point has but one degree of 
freedom, i. e., at a given temperature the system is invariant, 
and the conjugate solutions (E and F) can each have only 
one definite compwjsition. 

(3) From the point F, representing the composition of the 
upper layer at the quadruple point, a line runs to the point G, 
representing the composition of the saturated solution of the 
salt in the alcohol. 

In general, each of these three lines is concave toward the 
vertex representing the salt. The line DE is the locus of all 
aqueous solutions saturated with respect to the salt, and of 
alcoholic content varying from none to the maximum possible 
in the saturated salt solution (at the quadruple point E). 
ITie line EPF, commonly called the binodal curve, is the locus 
of all conjugate solutions, i. e., if we have two liquid phases 
in the system at the given temperature, the composition of 
each will be represented by a point on this line, as X and Y. 
The line FG represents the solubility of the salt and its various 
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hydrates in alcohol-water mixtures from the composition 
represented at F to absolute alcohol. 

In Fig. 2, mixtures represented by points within the area 
DEPFGBC are homogeneous, those within the area HDE (if 
H be the point representing the composition of the hydrate 
of the salt which is stable at that temperature) will consist 
of a mixture of the solid hydrate and a solution having a com- 
position represented by some i>oint on the line DE. A mixture 
lying within the triangle HEF will consist of the solid hydrate 
and the two solutions represented by points E and F, which 
by definition are the only two solutions which can be in 
equilibrium with the solid hydrate when both water and 
alcohol are present in sufficient quantity to give two liquid 
phases. Mixtures within the area EPF will consist of two 
conjugate solutions whose composition will be represented 
by two points on the binodal curve EPF. The point P is the 
“plait point,” i. e., the point of union of the two branches 
of the binodal curve which represent the composition of the 
upper and lower layers, respectively. To state it from another 
view-point, a mixture whose composition was represented 
by the point P would be homogeneous, but the addition of an 
infinitesimal portion of the salt would cause it to separate 
into two layers having compositions represented by points 
on the binodal curve lying very close to P, one a little to the 
right and the other a little to the left. By determining 
analytically the composition of two conjugate solutions X and 
Y, and calculating the composition of the mixture containing 
varying quantities of each, it may be shown that the locus 
representing such mixtures is the straight line XY, which is 
called a tie-line. 

Any mixture whose composition is represented by a point 
writhin HFQ will separate into the solid hydrate and a solution 
lying along FQ, where Q represents the composition of the 
alcoholic solution which is in equilibrium with both the 
hydrate and the anhydrous salt. This is the solution to which 
the anhydrous salt dehydrates weaker alcohol. The triangle 
AHQ contains all mixtures of the hydrate and anhydrous 
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salt in equilibrium with alcoholic solution Q. The area AQG 
consists of mixtures of the anhydrous salt and alcoholic 
solutions of it having a composition represented by a point on 
line QG. 

If the salt does not form a hydrate, the point H may be 
considered as moving along CA to coincide with A, while Q 
moves along BF and coincides with F as indicated by the 
broken lines. Area AHFQ disappears entirely, as it is the 
area over which the hydrate existed in equilibrium with an 
alcoholic solution of itself, and H becomes A, and Q becomes 
F in the above discussion. 

Experimental Methods 

Tlu' Binodal Curve . — -The point at which an inhomo- 
geneou.s solution of the salt, alcohol and water just becomes 
homogeneous is a point on the binodal curve, and the deter- 
mination of a number of such points enables one to plot this 
curve accurately. Such points were determined for the 
different alcohols and salts as follows: An Erlenmeyer flask 
with a well-ground glass stopper was cleaned, dried and 
weighed. With potassium fluoride, the salt was ignited in a 
weighed, covered platinum crucible; weighed, as much as 
possible transferred to the flask, and the rest rinsed into the 
flask with distilled water. In this way the weight of the 
anhydrous salt was accurately obtained, as an experiment 
showed that with the crucible covered, in the dry winter air 
of this climate, the increase in weight during seven minutes 
in the open air was only 0.0007 gram. In the case of large 
weights of the fluoride, this precaution was considered un- 
necessary, as the possible percentage error was negligible; 
the salt was then weighed in the stoppered flask, as was also 
done in the case of the other salts. The salt was next dis- 
solved in distilled water, and the whole weighed. Enough 
alcohol to form two liquid phases was then added, together 
with a trace of the solid dye used as an indicator. The flask 
was again weighed, water added from a burette until the 
solution just became homogeneous and clear, the flask weighed 
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again, and the addition of alcohol and water repeated until a 
series of results was obtained. 

All weighings of solutions were made on a large Sartorius 
balance, of ample carrying capacity, and easily sensitive to 
0.5 mg. with a load of 500 grams on each pan, but no attempt 
was made to weigh closer than the nearest milligram. It 
is not claimed that the eiid-point of the titration could generally 
be determined closer than o.i to 0.2 gram water, but it was 
thought best to weigh to milligrams to minimize cumulative 
errors in the amounts of water and alcohol present. When 
a solution had to stand long enough between determinations 
to lose weight appreciably, the loss was determined as noted 
in the tables, and divided between the alcohol and water in 
proportion as each was present. This was done on the theory 
that the loss was caused by evaporation of the solution which 
was in the ground joint. Such loss was usually less than 
30 mg. None of the flasks used showed any signs of the 
slightest etching by the fluoride, and weighing before and after 
use showed the loss from such etching, and therefore the 
contamination of the solution, to be negligible. 

Spirit blue was used as an indicator, and gave very good 
results, except with potassium carbonate, which bleached it 
quickly. Phenolphthalein was later used w'ith this salt, a 
few minute crystals of the solid being sufficient. The function 
of the indicator w'as to color the alcoholic upper layer, and 
render it easily visible when only a trace of it w'as present. 

No attempt was made to work in a thermostat, or to 
control the temperature very closely, as it was found that in 
most cases a variation of 2° or 3° produced a negligible change 
in the end-point, and if the results were to be used as a basis 
of an analytical method, it would be better to determine the 
curve under such temperature conditions as would be practical 
in its use. With propyl alcohol, where temperature was 
found to be more important than with the rest, the tem- 
perature was frequently taken with a calibrated thermometer, 
and kept as close as possible to that of the room (20° to 25° C.). 
The heat of dilution of the salts and alcohol, and that of the 
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hands tended to keep the temperature a little higher than 
that of the laboratory, and where not otherwise stated, the 
temperature may be assumed to have been between 23° and 
26° C. Care was taken to avoid loss by evaporation or other 
cause during a series, and whenever a thermometer was in- 
troduced, it was done just before a fairly large quantity of 
either alcohol or water was to be added, and the latter was used 
to wash off the bulb as the thermometer was withdrawn. 

Specific-Gravity Determinations. — All specific-gravity 
determinations were made with the pycnometer, weighing 
in a room whose temperature was within a degree or two of 
that of the alcohol. Two 50 cc. pycnometers were used. 
They were of the type which has a thermometer ground into 
one neck of the flask aiul a capillary tube in the other neck. 
The capillary was always filled to a definite mark, and covered 
with a cap when weighing. The alcohol was never allow'ed to 
expand enough during the weighing to reach the top of the 
capillary. Pycnometer No. i, used in all determinations 
except those on methyl alcohol, was carefully standardized 
by repeated weighings empty and full of distilled and redistilled 
water at a temperature of 15.55° C. This temperature was 
used in all determinations with this pycnometer, except a 
few with propyl alcohol, q. v. Pycnometer No. 2 was similarly 
standardized at 4.00° C., for use with methyl alcohol, since 
the tables of Dittmar atid Fawsett refer to water at that tem- 
perature. In all pycnometer determinations, great care was 
taken that the alcohol in the apparatus was kept thoroughly 
stirred, by frequently rotating the pycnometer rapidly about 
its axis. Since the room was at approximately the correct 
temperature, it was easy to control the temperature of the 
alcohol within 0.05° and fill the pycnometer exactly to the 
mark at the desired temperature. Duplicate determinations 
generally agreed within o.(x5oo5. The thermometers in both 
instruments were graduated to 0.2° and could easily be read 
to 0.05°. They were standardized by comparison with a 
certified standard graduated to 0.02°. 

Hehner’s tables for ethyl alcohol and Dittmar and Faw- 
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sett’s for methyl alcohol were used. For weak solutions of 
propyl alcohol the recent table of Doroshevskii and Rozh- 
destvenskii* was used, and for the strong alcohol a table con- 
structed as explained later under propyl alcohol. For weak 
propyl alcohols, the determinations were made at 15.0/15.55°, 
and considered to be close enough to the conditions of Doro- 
shevskii and Rozhdestvenskii (15/15®). 

Materials 

Methyl Alcohol. — ^This was Kahlbaum’s absolute methyl 
alcohol. Its specific gravity was taken at 15.55/4.00°, and 
three determinations gave 0.795762, 0.795875 and 0.795877. 
Dittmar and Fawsett give the specific gravity of absolute 
methyl alcohol at 15.55/4.00° as 0.79589. The agreement 
was considered satisfactory, and the alcohol was figured as 100 
percent pure in the calculations. 

Ethyl Alcohol. --Ordina.ry “95 percent” alcohol was 
digested with silver nitrate and caustic pota.sh to remove 
aldehydes, and then twice distilled. Ten liters of this were 
prepared and thoroughly mixed. It was preserved in large 
glass-stoppered bottles, from which portions of about 500 cc 
were poured off into a smaller bottle for use as needed, thus 
preserving the main portion from possible contamination. 
The specific gravity of this alcohol was taken at 15.55/15.55°, 
and the following results obtained; 0.81923, 0.81920, 0.81916, 
0.81919. From the average of the above determinations, it 
was found that the preparation contained 91.28 percent by 
weight of absolute ethyl alcohol. 

Propyl Alcohol. — For the determination of the binodal 
curves Merck’s' normal propyl alcohol was used. It con- 
tained some water, and possibly some isopropyl alcohol. 
On distilling 100 cc of it, 24 cc came over between 91 and 
94° C, and 63 cc between 94 and 99°. Partial drying of this 
alcohol with anhydrous potassium fluoride seemed to increase 


‘Jour. Russ. Phys. Chem. Soc., 41, 1428: Chem. Zentr., 1910, I, 812; 
Chem. Abs., 5, 409 (1911). 
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the proportion of the upper fraction. It is well known that 
the presence of water lowers the boiling point of propyl 
alcohol, the constant boiling mixture boiling below 90°. The 
specific gravity of this alcohol was taken at 20.0/15.55°, and 
the values found were 0.80812 and 0.80824. Some of the alco- 
hol was treated with magnesium amalgam in excess, with which 
it reacted quite vigorously at first, and more slowly later. It 
stood with this for two weeks, with occasional shaking. Most 
of the action ceased within a few hours, but some slow action 
was noticeable for several days. The clear liquid was filtered 
into a distilling flask and distilled, care being taken to protect 
the distillate from the air. Distillation began at 95°, and 
practically all of the liquid distilled over below 99°. At 
15.55/15.55° the distillate had a specific gravity of (i) 0.80644, 
(2) 0.80647, average 0.80646. The specific gravity of absolute 
propyl alcohol is given' as 0.8066 at 15° which is in good 
agreement with the above. Very recently Doroshevskii and 
Rozhdestvenskii^ have found a higher value (0.80804) hut 
details of the purification of their material were not available 
to me. They appear to be the first ones to have worked out 
a complete table of specific gravities of the mixtures of normal 
propyl alcohol and water, but as their absolute alcohol was 
heavier than ours, we have used their table only for very 
dilute solutions. Using the absolute alcohol described above 
(71 grams) in a glass-stoppered Erlenmeyer flask, we added 
successive amounts of distilled water, making duplicate 
determinations of the specific gravity of the diluted alcohol 
resulting from each addition. The amount of diluted alcohol 
remaining in the flask after each set of determinations was 
carefully weighed before adding fresh water, and the weight 
of absolute alcohol in it calculated afresh from its known 
strength, to correct for losses of the diluted alcohol. The 
following results were obtained : 


^ Linnemann: Liebig*s Ann., i6i, 26 (1872). 

® Jour. Russ. Phys. Chein. Soc., 41, 1428; Chcm. Zentr., 1910, I, 812 
Chem. Abs., 5, 409 (1911). 
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Table i 


Alcohol, 
percent by 
weight 

Specific gravity at 20.00/15.55° 

(«) 

(6) 

Average 

100. do 

0.80319 

0.80309 

0.80314 

98.065 

0.80587 

0 . 80582 

0 . 80585 

97 997 i 

0 . 80829 

0 . 80834 

0 . 8083 I 

96.21 1 

0.81252 

0.81255 

0.81253 

94.28 

0.81679 

0.81679 

0.81679 

92.27 I 

0.82125 

0.82121 

0.82123 

90.15 1 

0.82578 

0.82573 

0.82576 

86.77 1 

0.83292 

0.83291 

0.83291 


These results were plotted and formed a smooth curve. 
From this curve and the above results, the following table 
representing the percent of normal propyl alcohol in distillates 
from Merck’s propyl alcohol (which may be taken as perhaps 
typical of the best commercial alcohol) was constructed : 


Table 2 


Alcohol, 

Sp. Gr. at 

Alcohol, 

Sp. Gr. at 

percent 

20.00/15.55'’ 

1 percent 

[ 

20.00/15.55 

100 00 

0.80314 

92.00 

0.82185 

99.00 

0 . 8058 1 

91.00 ! 

0.82395 

98.00 

0 . 8083 1 

90.00 1 

0.8261 

97 00 

0.8108 i 

89.00 

! 0.82825 

96 00 

0 8130 1 

88.cx> 

« 83035 

95. (X> 

0-8153 1 

87 .CX) 

0-8325 

94.00 

0.8175 i 

86. cx) 

0.8346 

93 

0.8197 ‘ 

— 

— 


This table was used to determine the strength of all high- 
proof alcohol obtained in the following work. According to 
it, Merck’s alcohol, which was used for most of this work, 
contained 98.07 percent by weight of absolute alcohol. 

The quadruple-point determinations, and determinations 
of the solubility of salts in strong propyl alcohol were made 
with some of the above alcohol which had been once used in 
work on the binodal curves, salted out and recovered, and 
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distilled in a fractionating apparatus. The alcoholic portions 
were dried with anhydrous potassium fluoride, and fractionated 
twice. The distillate from 90 to 97° had a specific gravity of 
0.80986 (97.26 percent), that from 97 to 98° 0.80418 (99.60 
percent), and that from 98 to 100° 0.80385 (99.73 percent). 
The fraction boiling above 100° was rejected, and that from 
90 to 97 ° set aside for further purification. The two fractions 
left (97 to 100°) were mixed and found to have a specific 
gravity of 0.80413 (99.63 percent). 

Potassium Fluoride. — Merck’s C. P. potassium fluoride 
was used, except in some preliminary experiments. The 
salt when freshly dissolved was neutral to phenolphthalein, 
but the solution quickly became slightly alkaline. Several 
grams of it dissolved in distilled water and acidified with 
nitric acid gave only a slight opalescence with silver nitrate. 
It was readily and completely soluble in w'ater (except w^hen 
the solution was nearly saturated, when cloudiness was 
noticed), and hence could have contained only a trace of 
fluosilicate. No appreciable amount of sodium could be shown 
by the spectroscope. 7.26 grams of it, after fuming down 
with sulphuric acid, diluting and boiling with nitric acid, gave 
only 0.0002 gram of material precipitated by ammonia and 
ammonium chloride. Tests for calcium and magnesium in 
the filtrate gave negative results. An attempt to remove the 
trace of fluosilicate present by treating with a little of Merck’s 
best hydrofluoric acid, evaporation and ignition in platinum 
seemed rather to increase the amount of insoluble matter, so 
the salt was used as it w^as, after ignition from 5 to 10 minutes 
at moderate red heat, and cooling (covered) in a desiccator. 

Potassium Carbonate. — Merck’s potassium carbonate 
“Highest Purity, Medicinal’’ was used. At first the solid 
salt was simply ignited and w'eighed, but some suspended 
matter was present and very troublesome, so a large amount 
of the salt was dissolved in a little more than its own weight 
of water, filtered by suction, and portions of this solution 
evaporated in platinum and heated to red heat as needed. 
The insoluble matter seemed to consist of iron compounds, 
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with some lighter colored material. The solubility of the salt 
at room temperature was determined by evaporation and 
ignition of weighed quantities of the filtered saturated solution 
which had stood at least a week in contact with the hydrate. 
Duplicate determinations, two weeks apart, gave 53.05 and 
53.07 pCTcent of the solution as anhydrous carbonate. 

Sodium Chloride. — Kahlbaum’s sodium chloride “C. P. 
zur Analyse” was used, the crystals being ignited for several 
minutes and cooled in a desiccator before weighing. Its 
solubility was determined as in the case of the carbonate, 
duplicate determinations giving 26.35 and 26.31 percent 
of the solution as chloride, or 35.78 and 35.70 grams salt 
dissolved in 100 grams of water. Armstrong and Eyre* 
state that they find that the solubility at 25° varies somewhat 
in different samples. They found the values 35.71, 35.77, 
35'83, 35.78, 36.08, and 36.19 grams per 100 grams water, 
while previously* they had found 36.14, 36.14, 36.22 and 
36.23 grams. I have therefore taken the mean of my de- 
terminations as the solubility of my sample, and plotted it 
in the proper place. (See the system propyl alcohol, water, 
sodium chloride.) 

Equilibrium between Potassium Fluoride, Ethyl Alcohol 

and Water 

This has never previously been studied. The literature 
on potassium fluoride, and the statements of those who may 
have noticed its salting-out power, have been given on page 406. 
Points on the binodal curve were determined at room tem- 
perature, according to the methods previously described, 
and are given in Table 3. The effect of a change in tem- 
perature on the binodal curve is very small, apparently less 
than with potassium carbonate, and the results may be con- 
sidered as being sufficiently accurate at any temperature 
between 23 and 26°. For determination of the concentration 
at the quadruple point where the two layers E and F (Fig. 2) 


' Proc. Roy. Soc., 84A, 123 (1910). 
* Ibid., 79A, 566 (1907). 
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are in equilibrium with the solid hydrate KF.zHjO and their 
vapor, three separate determinations of the alcohol content 
of the upper layer were made. In an Erlenmeyer flask were 
placed a couple of hundred cubic centimeters of the aldehyde- 
free alcohol, water and quite a little potassium fluoride were 
added, the mixture warmed until all the hydrate formed was 
melted, shaken vigorously for some time, then cooled to room 
temperature with shaking. If the hydrate did not crystallize 
out in quite a large quantity, more of the anhydrous salt was 
added and the process repeated. When a sufficient amount of 
the crystalline hydrate appeared to be forming, the mixture 
was allowed to stand a week or more at room temperature, 
with frequent shaking, and then part of the upper liquid was 
cautiously poured off from the mixture of crystals and satu- 
rated solution, and carefully distilled to dryness. The specific 
gravities of the distillates obtained by three such experiments 
were 0.81283, 0.81221 and 0.81243, showing that the solvent 
in the upper layer at this point contained 93.63, 93.85, and 
93.78, or an average of 93.75 percent alcohol by weight, and 
6.25 percent water. Two portions of 20.14 and 10.43 grams of 
these solutions gave, respectively, 0.2640 and 0.1193 gram of 
iwtassium fluoride, after evaporation in platinum and ignition. 
This indicates that at the quadruple point where we have two 
liquid phases, the upper one contains 93.75 grams alcohol, 
6.25 grams water, and 1.25 grams of potassium fluoride per 
100 grams of solvent, or 92.69 percent alcohol, 6.07 percent 
water and i .23 percent potassium fluoride by weight. 

An alcohol determination in the lower layer, decanted off 
from the crystals and separated from the upper layer, gave the 
following result: 166.86 grams of the solution, to which some 
water had been added, were distilled for some time after the 
thermometer in the distilling flask had become stationary at 
100°. Distilled water was added to the distillate, and the 
whole weighed 123.60 grams. This had a specific gravity of 
0.99828 at 15.55/15.55°, and therefore contained 0.90 percent 
by weight, or i.ii gram alcohol. This would give the lower 
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solution an alcohol content of 0.67 percent by weight, or 
1.28 grams per loo gram solvent. 

The points on the binodal curve were determined as 
previously described, except the point at 84.28 percent alcohol, 
which was determined by distillation of the alcohol from the 
upper one of two conjugate solutions, and determination of the 
specific gravity of the distillate. The percent of potassium 
fluoride was determined by evaporation of a weighed amount 
of this solution in a platinum dish, and ignition. 

Two sets of conjugate solutions were taken, and the 
fluoride content of each determined, in order to locate tie- 
lines and get the approximate position of the plait-point. 
Since there was a loss of hydrofluoric acid possible during the 
evaporation of solutions containing such a large proportion 
of water, an excess of concentrated hydrochloric acid was 
added to each sample, after weighing it into the platinum 
dish, and the salt weighed as chloride after evaporation and 
cautious ignition. In the first determination 13.60 and 
7.61 grams of the upper and lower solutions, respectively, 
gave 0.7793 and 2.0435 grams chloride, equivalent to 0.6073 
and 1.5926 grams fluoride. The two conjugate solutions 
then contained 4.47 and 20.9 percent by weight of potassium 
fluoride, or 4.68 and 26.55 grams per 100 grams solvent. 
By reference to Table 4, these solutions were found to contain 
14.4 and 60.0 grams alcohol per 100 grams solvent, or ri.9 
and 57.4 percent by weight of alcohol. Similar determinations 
of another set of conjugate solutions showed them to contain 
9.68 and 18.59 grams potassium fluoride and 44.8 and 25.84 
grams alcohol per 100 grams solvent, or 8.82 and 15.7 percent 
potassium fluoride and 41.0 and 21.8 percent alcohol by 
weight. These two sets of conjugate solutions have been 
plotted, the tie-lines drawn,, and plait-point indicated in Fig. 
3 - 

A good many experiments were made to determine 
accmrately the position of the second quadruple point, where 
the two solid phases (anhydrous salt and hydrate) were in 
equilibrium with a liquid and a vapor phase. Preliminary 
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experiments showed that using ordinary commercial alcohol 
(about 92 percent by weight) and the anhydrous fluoride, 
heating to boiling, cooling again to ordinary temperature and 
allowing to stand a short time to crystallize out excess of the 
hydrate, gave about 96 percent alcohol. In various other 
trials it was found easy to get from 96 to 96.5 percent alcohol, 
but difficult to go above that amount by this method (heating 
and cooling). Some alcohol w’hich had been treated several 
times in this way was heated with quite a little of the an- 
hydrous salt in a pressure flask for several hours on a water 
bath, with no apparent change. It was then allowed to stand 



I'ig- 3 — Equilibrium in the Syslctn. Potas- 
sium Fluoride, Ethyl Alcohol, Water 


about eight months at room temperature, unopened. Upon 
filtering and carefully distilling to dryness, the alcohol had a 
specific gravity of 0.80196 at i5-55/i5-55°. corresponding 
to 97-37 percent by weight of alcohol. Some of the alcohol 
from previous treatments (96.13 percent by weight) was 
refluxed with more fluoride, decanted off (hot) from the un- 
dissolved salt, allowed to stand until crystals of the hydrate 
formed, and then cooled to about — 7° for an hour or two. 
After filtering through glass wool and distilling, the distillate 
was found to contain 96.85 percent of alcohol, wffiile a portion 
removed after only standing at room temperature contained 
96.5 percent. This process of refluxing and cooling to — 5 
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or — 7® was then repeated three times, and then upon distilling 
97.3 percent alcohol was obtained. The process of refluxing 
and cooling was then repeated six times, decanting into the 
flask each time. The alcohol was then refluxed again, 
decanted back into the same flask, allowed to stand ten days 
at room temperature with this hydrate, decanted off, a weighed 
portion evaporated and ignited in platinum to determine the 
fluoride in solution, and the rest distilled to dryness for the 
alcohol determination. The distillate had a specific gravity 
of 0.80157 at 15.55/15.55°, and thus consisted of 97.50 percent 
alcohol. 19.94 grams of the solution gave 0.3025 gram of 
potassium fluoride, which is 1.541 grams per 100 grams 
solvent or 1.52 percent of the solution by weight. 

A number of samples of alcohol of various strengths ob- 
tained from previous treatments, containing perhaps 96 per- 
cent alcohol, were mixed and ground several days with some 
fluoride in an Abb^ ball mill. The stones and the glaze of the 
mill were somewhat attacked. On decantation and distilla- 
tion an alcohol having a sp. gr. of 0.80172 (97.46 percent by 
weight) was obtained. About 50 grams of fluoride was added, 
and the mixture ground for five days more. A large amount of 
fluosilicate had now been formed, and on decanting and 
distilling only 97.24 and 97.23 percent alcohol was found 
in the distillate. 500 cc of commercial alcohol was now 
ground about five days with 45 grams of the anhydrous 
fluoride. After decantation and distillation an alcohol of 
sp. gr. 0.80481 (96.43 percent) was obtained. To this was then 
added the alcohol above mentioned (600-800 cc 97.2 percent) 
with about a liter of the alcohol (97.5 percent) obtained by the 
boiling and freezing process, and about 240 grams of fluoride. 
This was ground several days, and on distillation duplicate 
determinations showed the distillate to have a specific gravity 
of 0.80167 and 0.80155, showing 97.48 and 97.52 percent by 
weight of alcohol. 

From these determinations we may conclude that the 
alcohol which is in equilibrium with the mixture of the an- 
hydrous fluoride and the hydrate contains 97.50 percent 
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alcohol and 2.50 percent water, and that the solution of the 
salt under these conditions contains 1.52 percent fluoride, 
96.05 percent alcohol and 2.43 percent water by weight. 
This value has been plotted on the curves showing the equilib- 
rium. 

To determine the solubility of the fluoride in absolute 
alcohol, about 200 cc of Merck’s absolute alcohol (sp. gr. 
0-79527, 99 58 percent by weight) was treated in a stoppered 
flask with an excess of potassium fluoride which had been 
freshly ignited and quickly pulverized. The mixture was 
heated for some time at about its boiling point, with frequent 
shaking, and then allowed to stand for a couple of weeks at 
room temperature, with frequent shaking. 28.63 and 36.45 
grams of this solution gave, on treatment with concentrated 
hydrochloric acid, evaporation and ignition, 1.6887 ^^d 
2.1416 grams potassium chloride, equivalent to 1.3061 and 
1.6690 grams fluoride, or 4.56 and 4.58 percent by weight of 
potassium fluoride (4.79 grams per 100 grams solvent). 

It is noticeable that although the fluoride is very soluble 
in water (the saturated solution containing 48 percent of the 
anhydrous salt, or 92.3 grams per 100 grams water),* yet the 
addition of water to the solution in absolute alcohol decreases 
the solubility to a marked extent; from 4.79 grams per 100 
grams solvent at practically 100 percent alcohol, to 1.54 
grams per 100 grams solvent in 97.5 percent alcohol, and 
1.17 grams per 100 grams solvent in 84 percent alcohol. A 
similar decrease in solubility with the first increase in water 
content of the alcohol appears in the case of the fluoride with 
propyl alcohol, and the carbonate with all three alcohols, 
but not with sodium chloride and propyl alcohol. It is 
interesting to note that the solubility of the fluoride in ab- 
solute ethyl alcohol is approximately the same as in 60 percent 
alcohol. 

In general, the solubility of a salt in aqueous alcohol de- 
creases as the concentration of the alcohol increases.’ But 

^ Mylius and Funk: Ber. chem. Ges. Berlin, 30, 1716 (1897). 

“ G^rardin: Ann. Chim. Phys., [4] 5, 129 (1865). 
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I,, de Bru3rn has shown’ that in absolute methyl alcohol the 
hydrated salts MgSO.jHp, ZnSO,.7H,0, CoSO,.7H,0, 

NiS0,.7H,0, FeSO,.7HjO, NiS 0 ,. 6 H, 0 , and CuS0,.5H,0, 
were readily soluble, but were quickly precipitated again 
as the lower hydrates (especially on adding a drop of water), 
or as lower hydrates in which part of the water of crystalliza- 
tion was replaced by alcohol. In 93 percent alcohol they were 
only slightly soluble, and less so in the more dilute alcohols 
down to 50 percent. He states that ethyl alcohol shows a 
similar behavior, but that it is less marked. Bodker® found 
that anhydrous cobalt and copper chlorides were very soluble 
in absolute alcohol, but that the addition of water caused the 
immediate precipitation of the hydrate. The results here 
shown with potassium carbonate and fluoride seem to be 
somewhat similar in principle, though of an entirely different 
class of salt, as far as the degree of hydration is concerned. 
But dilution of the solution of the anhydrous fluoride with 
water failed to produce precipitation of the hydrate, prob- 
ably on account of supersaturation phenomena, which were 
frequently noticed with alcoholic solutions of the hydrate 
which had been prepared at high temperatures and cooled 
out of contact with the solid phase. It is particularly notice- 
able that sodium chloride, which does not form a crystalline 
hydrate at ordinary temperatures, was least soluble in the 
strongest propyl alcohol. 

Besides the well-known methods for the determination of 
alcohol by the specific gravity of a solution, and by its boiling 
point (ebullioscope), many others have been studied in the 
attempt to find advantageous methods. Oxidation with 
either bichromate or permanganate has been tried by many.* 

• Zeit. phys. Cbeni., 10, 782 (1892). 

• Ibid., 22, 505 (1897). 

•Thresh; Chem. News, 38, 251 (1878); R6se: Zeit. angew. Chem., i, 
31 (1888); Bourcart: Bull. Soc. Ind. Mulhouse, 59, 558; Jour. Chem. Soc., 58, 
1030 (1890): Frankland and Frew; Jour. Chem. Soc., 59, 93 (i8gi); Grflnhut; 
Chem. Zeit., 15, 847; Jour. Chem. Soc., 62, 1031 (1892); Benedict and Neudorfer; 
Chem. Zeit., 16, 77; KurilofI; Ber. chem. ges. Berlin, 30, 741 (1897); Benedict 
and Norris; Jour. Am. Chem. Soc., 20, 293 (1898); Tassar-Cohn; Zeit. anal. 
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The refractive index of mixtures of alcohol and water offers 
another method which has been well studied, and appears 
to be of practical value in some cases.* Indirect methods, 
depending on the change in specific gravity of a liquor after 
removing alcohol by evaporation and making up again to the 
same volume, have been discussed by a number of authors.* 
The surface tension of the solution has been used to determine 
the alcoholic content, * as have also the lowering of the freezing 
point,* the solubility of cinchonine in chloroform containing 
alcohol,' the Pasteur drop reaction,® and the color produced 
by cobalt salts in the presence of a sulphocyanate.* 

More closely allied to the method which I have to propose 
are the methods of Hager® and Bottger* who shake out the 


Chem., 38, 251 (i8q 9); Argensoii. Bull. Soc, chim. Paris, [3] 27, 1000 (1902); 
Pozzi-Kscot: Ann. chira. anal., 7, ii (1902); 9, 126 {1904); Nicloux: Ibid., 9, 
214 (1904); Martin: Rev. intern. Falsif., 17, 48 (1904); Jour. Chem. Soc., 86, II, 
520 (1904); Janak: Oesterr. Chem. Zeit., [2] X4, 17; Chem. Abs., 5, 2761 (1911). 

^ Riegler: Zeit. anal. Chem., 35, 27 (1896); Ling and Pope: Jour. Fed. 
Inst. Brewing, 7, 170 (1901); Jour. Chem. Soc., 80, II, 628 (1901); Leach and 
Lythgoc: Jour. Am. Chem. Soc., 27, 964 (1905); Ackermann and Steinmann: 
Zeit. ges. Brauw., 20, 259; Chem. Zentr., 1905, II, 1672; Ackermann: Ann. 
chim. anal., 10, 17 1 (1905); Kamenetsky: Chem. 2 ^it., 31, 257; Doroschevskii 
and Dvorzhanchik : Jour. Russ. Phys. Chem. Soc., 40, loi ; 41, 849; Chem. Abs., 2, 
2181 (1908); 4, 135, 1403 (1910); Race: Jour. Soc. Chem. Ind., 27, 547 (1908); 
Andrews: Jour. Am. Chem. Soc., 30, 353 (1908); Frank-Kamenetsky : Zeit. 
angew. Chem., 23, 293 (1910); Sidersky: Bull. Assoc. Suer. Dist., 27, 1168; 
Chem. Abs., 4, 2759 (1910); Ann. chim, anal., i6, 142; Chem. Abs., 5, 2143 
(1911). 

2 Blunt: Analyst, 1891, 221; Richmond: Jour. Fed. Inst. Brewing, 2, 
529 (1896); Jour. Chem. Soc., 72, 193 (1897); Leonard and Smith: Analyst, 
22, 225; Pharm. Zentr., 49, 971; Giinzcl: Zeit. Nahr. Genussm., 18, 206; Chem. 
Abs., 3, 2717 (1909); Bonis: Ann. fals., 4, 276; Chem. Abs., 5, 3492 (1911). 

^ Duclaux: Ann. chim. phys., [5] 2, 233 (1874); Gossart: Comptes 
rendus, 113, 537 (1891). 

* Gaunt: Zeit. anal. Chem., 44, 106 (1905). 

®Oudemanns: Liebig’s Ann., 166, 78 (1873); Jour. Chem. Soc., 26, 533 

(1873). 

• Klocker: Centr. Bakt. Parasitenk., II Abt., 31, 108; Chem. Abs., 6, 
136 (1912). 

’ T. T. Monell: Chem. Zentr., 1877, 24. 

^ Chem. Zentr., 1888, 1512. 

» Ibid., 187a, 742. 



428 George Bell Frankforter and Francis Cowles Frary 


alcohol from essences with glycerine, and measure the in- 
crease of volume; Curtis,* who titrates alcohol of 85 percent 
or over with toluene; and Bohlig,® who salts out the alcohol 
with potassium carbonate, and measures the volume of the 
layer obtained, standardizing the apparatus with known 
weights of absolute alcohol. 

Methods involving the critical temperature of solution 
of alcohol- water mixtures with other liquids have also been 
worked out. The method of Crismer,® using kerosene, is said 
to be very accurate, but is only applicable to very strong 
alcohol, while the method of Buboux and Dutoit,* using a 
mixture of aniline and alcohol, is only suitable for mixtures 
containing from 8 to 12 percent alcohol. An apparatus for 
the determination of alcohol, based on the solubility of ether 
in alcohols of various strengths {i. e., the binodal curve in the 
system alcohol, ether, water), has been patented and de- 
scribed.' As specially pure ether and 98 percent alcohol 
are used to make the determination, it would hardly seem to 
be an easy and convenient method, and the accuracy may well 
be doubted. 

If the binodal curve in the system containing a salt and 
aqueous alcohol has a small enough temperature coefficient, 
and can be determined with sufficient accuracy, it ought to 
be possible to add to a liquid of unknown alcoholic content 
enough of the salt to cause the solution to separate into two 
layers, and then, by the cautious addition of water, get the 
solution to be just homogeneous again. Now if the weights 
used are known, the composition of the original alcohol can 
be found, since the composition of the solution which we have 
made homogeneous is represented by that point on the binodal 


> Jour. Phys. Chem., 2, 371 (i8g8). 

*Zeit. anal. Chem., 25, 19 (1893). 

•Bull. Assoc, belg. des Chimistes, i6, 83; Chem. Zentr., 1902, II, 3. 

• Ann. chim. anal., 13, 4; see also Duperthuis and Philippe: Mitt. l,ebcnsm. 
Hyg., I, 188; Chem. Abs., 5, 3118 (1911). 

• H. Kapeller: D. R. P., 213, 127; Oesterr. ung. Zeit. Zuckerind. Landw., 
38, 817; Chem. Abs., 4, 232, 2348 (1910); Sidersky: Ann. ehim. anal, appl., 15, 
105; Bull. Assoc. Suer. Dist., 27, 562; Chem. Abs., 4, 1648, 1793 (1910). 
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curve which expresses the relation of the amount of salt to 
the whole solution or to the amount of solvent present. Since, 
on the line separating the homogeneous from the heterogeneous 
system, there can only be one solution which contains this 
proportion of salt, this fixes the composition of the final 
solution definitely, and the weight of alcohol present can 
easily be computed. 

While Schreinemaker’s method for representing such 
equilibria, as described on a previous page, is convenient and 
useful in many ways, it is not suitable for determination of 
the slope of the curve for analytical purposes, as triangular 
coordinates are inconvenient and the most important pari 
of the curve comes at a point where the figure is very much 
compressed. For this reason the results in Table 3 have been 
calculated also on the basis of the weight of each component 
present in that quantity of the solution which contains 100 
grams of the solvent. Since the sum of the weights of water 
and alcohol here will be 100, this relation can be plotted in 
rectangular coordinates, the composition of the solvent being 
shown on one axis, and the amount of salt per 100 grams 
solvent on the other. Such a curve also represents directly 
the solubility of the salt in alcohol of all strengths. In Fig. 
4 such curves have been plotted for both potassium fluoride 
and potassium carbonate, and show well the difference be- 
tween these salts in their behavior towards alcohol. It is 
noticeable that at concentrations above 30 grams of salt per 
100 grams of solvent the curves are nearly identical, although 
above 50 grams per 100 grams solvent, the solubility of the 
alcohol in the solution of the carbonate is a little less than that 
in the solution of the fluoride. It will be noted that the 
results for the fluoride form a smooth curve with ‘which the 
individual results are in much better accord than is the case 
with the carbonate. The end-point seemed to be more defi- 
nite in the first case, and apparently the effect of tem- 
perature is less. For this reason the table recommended 
has been calculated on the basis of the fluoride curve, and is 
given in Table 4. 
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To detennine alcohol in an alcoholic liquid with this 
table, a stoppered flask is weighed, some freshly ignited 
potassium fluoride is weighed into it, a weighed amount of 
alcoholic liquid added, and the fluoride dissolved. From 
the probable alcoholic content of the liquid used, the pro- 
portions of liquid and salt are so chosen that there will be salt 
enough to cause the liquid to separate into two phases; i. e., 
if a whiskey supposed to contain from 40 to 50 percent alcohol 
is being tested, the salt should be in the proportion of at least 
12 grams per 100 grams whiskey, and then a separation will 



Fig. 4 — Equilibria in the Systems: Potassium Fluoride, Ethyl Alcohol, 
Water; and Potassium Carbonate, Ethyl Alcohol, Water 

take place, if the whiskey contains more than 39.4 percent 
alcohol, as indicated by Table 4. If the solution is now 
brought to approximately 25°, water added cautiously, with 
frequent shaking, until the solution just becomes homo- 
geneous, and the whole weighed again, the proportion of the 
salt present to the total weight of solvent (whiskey plus water) 
gives, by reference to the table, the percent of alcohol in such 
total weight of solvent, hence the weight of alcohol in the 
sample. For rapid work, if 100 grams of the liquid under 
examination be taken, and all weights carried only to the 
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Table 4 — Determination oe Alcohol by Means or the Binodal 
Curve op the Ternary System: Water, Alcohol, 
Potassium Fluoride 


Om. per 100 gm. solvent | Gm. per 100 gm. solvent 


KF 

C,H,OH 

d 

KF 

CaH^OH 

d 

. _ 

60 

2 82 

0. ro 

3 <^> 

11.36 

0.72 

59 

2 .92 

0. 10 

29 

12 . 14 

0.78 

58 

3.02 

0. 10 

28 

12.99 

0.85 

57 

3 13 

0. II 

27 

1392 

0.93 

56 

3-24 

0 11 

26 

14.94 

I .02 

55 

3 - 3 ^ 

0 12 

25 

16.07 

113 

54 

3.48 

0.12 

24 

^ 7-33 

1 .26 

53 

3.61 

*3 

23 

18.75 

I .42 

52 

3 • 75 

0.14 

22 

20 26 

1 51 

51 

3 90 

0.15 

21 

21.80 

1*54 

50 

4.06 

0 16 

20 

23.40 

1 . 60 

49 

4 23 

0.17 

19 

25 . TO 

I 70 

48 

4 41 

0.18 

18 

26.90 

1.80 

47 

4.60 

0. 19 

17 

28.8 

1-9 

46 

4 . 80 

0 . 20 

j6 

30.8 

2 .0 

45 

5.01 

0.21 

15 

32.9 

2 . 1 

44 

5-24 

0.23 

14 

350 

2 . 1 

43 

5 48 

0.24 

13 

37-2 

2.2 

42 

5-74 

0.26 

12 

39-4 

2.2 

41 

6.02 

0.28 

II 

41-7 

2.3 

40 

6.32 

0.30 

10 

i 440 1 

2.3 

39 

6.65 

0 33 

9 

46.4 

2.4 

38 

7.01 

0.36 

8 

49 0 

2.6 

37 

7.40 

0.39 

7 

51-9 

2.9 

36 

7-83 

0.43 

^ i 

I 551 

3*2 

35 

8.30 

0.47 

5 

^ 58.7 

3*6 

34 

8 81 

0.51 

4 i 

62.8 

‘ 4*1 

33 

9-37 

0 56 

3 

675 

1 4*7 

32 

9.98 

0.61 

2 

78.6 

II. I 

31 

10.64 

0.66 

— 

1 



nearest tenth of a gram, reasonably accurate results could be 
secured in a very few minutes. If extreme accuracy is not 
desired and care is taken in the preservation of the fluoride, 
it might be used without previous drying, making correction 
for water held as determined by one or two tests. 

It is obvious that the method would not be very accurate 
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in the presence of large quantities of dissolved solids, as in the 
case of a beer. But in the determination of alcohol in liquids 
where solids are absent, the good agreement of the data 
plotted in Fig. 4 with the smooth curve indicates that it 
would be satisfactorily accurate. One determination carried 
out on alcohol which had a sp. gr. of 0.95233 (33.13 percent 
by weight) gave 33.18 percent. Heating the solution to 35® 
caused the solution to cloud a little, and when the titration 
was completed at that temperature 33.53 percent of alcohol 
was found. The temperature coefficient for such a solution 
was evidently negligible within the range to which it would 
be easy to confine the temperature of the determination. 

Since methyl alcohol is not precipitated by potassium 
fluoride, it was thought interesting to see what effect the 
presence of a certain amount of methyl alcohol would have 
on the determination of ethyl alcohol by this method. By 
weighing out some of the ethyl alcohol previously used, and 
mixing it with a weighed amount of absolute methyl alcohol, 
a solution was made containing 85.55 percent ethyl alcohol, 
6.27 percent methyl alcohol, and 8.17 percent water by weight. 
The weight of methyl alcohol was thus 7.33 percent of the 
weight of absolute ethyl alcohol present. A series of de- 
terminations were made with this mixture and potassium 
fluoride, and the results are recorded in Table 5, and plotted 
in Fig. 5. In plotting these, the quantity (d) chosen to be 
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Fig. 5 — Determination of Ethyl Alcohol in the Presence of Methyl Alcohol 


plotted against the concentration of the salt was the amount 
by which the percent of ethyl alcohol in the solution was 
changed; i. e., the error in the determination of the ethyl 
alcohol caused by the presence of 7.33 percent of its weight 
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of methyl alcohol. A negative value indicates that too little 
alcohol would be found, on account of the increase in the 
solubility of the ethyl alcohol in the potassium fluoride solu- 
tion, caused by the presence of the methyl alcohol, while a 
positive value indicates that too high a result would be found, 
the methyl alcohol here decreasing the solubility of the ethyl 
alcohol. It is surprising to note that in concentrated solu- 
tions there appears first a negative effect, over a wide range, 
and the methyl alcohol in the mixture acts as a solvent for the 
ethyl alcohol, then conditions appear to be reversed, although 
the results are not very concordant. Then between 25 and 
15 grams salt per 100 grams solvent, the determination is 
correct, within the limits of the experimental error, and from 
this point down, the solubility of the ethyl alcohol is decreased 
by the methyl alcohol to a constantly increasing extent. 
This is a phenomenon worthy of a further investigation, but 
it appears probable that within certain concentrations, ethyl 
alcohol can be satisfactorily determined in the presence of 
methyl alcohol by this method. 

System Potassium Carbonate, Ethyl Alcohol, Water 

Potassium carbonate is a salt which is more often found 
in the laboratory than the fluoride, and therefore more con- 
venient for analytical pixrposes, so this system was studied 
and the position of the binodal curve determined. This salt 
was the first ever noted as having the power to salt out alcohol, 
as it is known that Raymond Lully (1235-1315) used and de- 
scribed it for that purpo.se. The composition of the solutions 
formed was first studied by Lescoem-,* who determined the 
composition of the upper layer at the quadruple point. He 
believed it to be a definite hydrate of alcohol, but he was 
evidently in error here, as shown by Schreinemakers.* A 
few determinations of points on the binodal curve were made 
by Linebarger,* but the points found all lie within a very 

^ Bull. Soc. chim. Paris, [3] 17, 18 (1897), 

2 Zeit. phys. Chem., 23, 649 (1897). 

* Am. Chem. Jour., 14, 380 (1892). 
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narrow range (0.4 to 2 . 1 grams carbonate per r 00 grams solvent) 
and the method used could not give very accurate results, 
as shown later, in the system; potassium carbonate, water, 
methyl alcohol. 

B. de Bruyn‘ determined the concentration of the solu- 
tions in equilibrium at the quadruple point, at different 
temperatures. He says of the results, “the salt content of 
both layers increases with the temperature, the alcohol con- 
tent changes less than the error of analysis. At 35° I found 
for alcohol in the upper layer 91.7, 89.8, 90.4, 91.6 percent, 
in the table I have used the average. Lescoeur found 90.0 
percent twice, and 93.5 percent, his figures vary among 
themselves more than mine, but the average agrees with the 
results in the table.” His determinations nearest room tem- 
perature are at 17° and 35°. His alcohol determinations, 
according to his own statements, leave much to be desired. 
BelP determined the cojnposition of nine solutions lying on 
the binodal curve, and recently Cuno’ determined the composi- 
tion of eight sets of conjugate solutions. He states^ that his 
results agree fairly well with those of Bell, although plotting 
them together shows that his curve lies above that of Bell 
for its whole length, the difference in alcohol content between 
solutions of the same salt content in the two curves being often 
nearly a percent. His results are the most complete which 
have been previously published, but his method of alcohol 
determination (by the conductivity of the solution) might be 
open to question, as a foundation for an analytical method. 
He says he did not determine the composition of the solutions 
at the quadruple point, on account of the difficulty of de- 
termining alcohol in such strong and such weak solutions. 

As previously stated, some difficulty was experienced 
at times in getting good end-points with this salt, so a larger 
number of determinations were made than in the case of the 


> Zeit. phys. Chem., 32, 63 (1900). 

’ Jour. Phys. Chom., 9, 531 (n^os). 

• Verb. phys. Ges. Berlin, 5, 735; Drude’s Ann., 25, 346 (1908). 

* Drude’s Ann., 28, 663 (1909). 
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fluoride. The figures will be found in Table 6, and the com- 
plete curve in Fig. 6. This is the first time the complete 
figure for this system has been shown. The hydrate of the 
salt has been a matter of much dispute,’ but the work of 
Foote and Sholes on the dehydration of alcohol and that of 


KCOl, 



Fig. 6 — Equilibrium in the System: Potas- 
sium Carbonate, Ethyl Alcohol, Water 


de Forcrand’ show that the hydrate which is stable at ordinary 
temperature is 2KjC03.3HjO. This has been introduced in 
the proper place in the diagram, which corresponds to the 
general one previously described, although the line joining 
the saturated solution to the lower solution at the quadruple 
point (DE, Fig. 2) is very short, and the triangle HDE is so 
small as to be invisible in the figure. 

A number of tie-lines were located in an attempt to find 
the approximate location of the plait-point. They were de- 
termined by evaporation of weighed portions of conjugate 
pairs of solutions, ignition and weighing of the carbonate. 
By reference to Table 6 it was easy to get the corresponding 
percents of alcohol and water. The following concentrations 
of potassium carbonate (in percent of the total weight of the 
solution) were found to exist in conjugate solutions: 0.241 


* For discussion of the earlier work see B. de Bru)rn; Zeit. phys. Chem., 
32, 63 (1900). 

* Comptes rendus, 148, 1731 (1909). 


TabIvB 6 — ^Binodal Curvu for the System: Water, Aecohoi^, Potassium Carbonate, at Room Tem- 
PERATURE. Alcohol Used 91.28 Percent by Weight 
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* Absolute alcohol was used in these two determinations. 
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and 39.11, 1.72 and 29.62, 4.03 and 25.7, 6.30 and 21.08, 8.29 
and 19.15, 10.35 and 18.18. As previously noticed, the tie- 
lines are, in the triangular system, the straight lines joining 
the points representing the conjugate solutions. By calcula- 
tion from the composition of two knovra conjugate solutions, 
it is easy to determine the composition of a mixture which 
will separate into given volumes of each of the two solutions. 
Such a calculation for the second set of conjugate solutions 
above recorded is plotted with the binodal curve in rectangular 
codrdinates in Fig. 4. The computations were for the volume 
relations i : i, 2 : i, and i : 2, and as will be seen, they lie 
on the straight line joining the two conjugate solutions. Thus 
the tie-lines are straight lines in this system of representation 
also. 

Two determinations of the alcoholic content of the upper 
solution at the quadruple point (Q,, Fig. 6) were made by 
allowing a mixture of alcohol, strong carbonate solution, 
and the hydrate to stand several weeks, with repeated shaking, 
and then pouring off the upper layer, distilling to dryness, 
and determining the specific gravity of the distillate. Two 
different solutions thus prepared gave distillates with specific 
gravities of 0.82104 and 0.82093 15.55/15.55°, indicating 

that they contained, respectively, 90.63 and 90.67 percent 
alcohol. Three determinations of the carbonate content gave 
0.0953, 0.0869 and 0.1022 gram per 100 grams solvent, giving 
an average composition for the upper layer of alcohol 90.65, 
water 9.35 and potassium carbonate 0.095 gram per 100 grams 
solvent, or 90.56, 9.34, and 0.09 percent by weight, respectively. 
The average of the results of de Bruyn at 17° is 91.5 percent 
alcohol and 0.06 percent carbonate, and at 35°, 90.9 percent 
alcohol and 0.07 percent carbonate. Since his alcohol de- 
terminations at 35° ranged from 89.8 to 91.7 percent, and 
those at 17° were presumably not more accurate, the agree- 
ment is as close as could be expected. For the lower layer, 
duplicate determinations gave 53.30 and 52.88 percent car- 
bonate and 0.273 and 0.283 percent alcohol. The alcohol 
determination was xnade on 600 to 800 grams of the solution. 
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it being easy to get off all the alcohol in the first 50 cc of the 
distillate, as shown by the boiling point of the solution, and 
in this the alcohol is easily determined. B. de Bruyn* found 
at 35°, 53.4 percent carbonate and 0.2 percent alcohol, at 
17° 52.1 percent carbonate and 0.2 percent alcohol. It will 
be noted that the alcohol has not reduced the solubility of the 
salt appreciably, as the saturated aqueous solution contained 
53.06 percent carbonate. With methyl alcohol, which is 
more soluble in the strong carbonate solution, the solubility 
is markedly decreased. 

The solubility of the salt in 97.5 percent and in absolute 
alcohol, was determined as in the case of the fluoride, and 
saturated solutions at room temperature were found to con- 
tain (c) 0.0524, (6) 0.0564 and (a) 1.62 (6) 1.64 percent of 
carbonate, respectively, or an average of 0.054 percent for 
97.5 percent alcohol and 1.63 percent for 99.6 percent alcohol. 
The same increase in solubility in the anhydrous alcohol is 
here to be noticed, as in the case of^the fluoride. As the 
mixture of the anhydrous salt and the hydrate is in equilib- 
rium with 99.6 percent alcohol,* this is the other quadruple 
point, Qj. 

In Table 7 will be found the approximate values of the 
solubility of ethyl alcohol, corrected from the curve in Fig. 4, 
over the range in which the ciu’ve is quite definitely determined. 
These values may be used for the determination of alcohol 
in the same manner as those in Table 4, using potassium 
carbonate which has been ignited, and is free from insoluble 
impurities, but the use of the fluoride appears to give more 
accurate results. 

In Fig. 4 the curves for both the fluoride and the car- 
bonate are plotted, and the two quadruple-point tie-lines 
drawn. The determinations marked with a circle having a 
diameter drawn in are in the carbonate system, and it will be 
noticed that a number of them lie quite a distance from the 


‘ Zeit. phys. Chcm., 32, 64 (i9cx>). 

* Foote and Sholes: Jour. Am, Chem. Soc., 33, 1309 (1911). 
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line. The cause was the uncertainty in the end-point, due to 
suspended matter which obscures the disappearance of the 
emulsion. If the carbonate is to be used for the analytical 
method, it should be freed from such matter by solution in 
its own weight of water, filtration and evaporation. All 
weights given in the above and other tables refer to the 
anhydrous salt. Where a large number of determinations 
were to be made, a standard solution, containing 50 percent 
of the anhydrous salt by weight, could easily be used, and 
allowance made for its water content. A crystal of solid 
phenolphthalein is the best indicator. 

Tablb 7 


Gm. per loo gm. solvent 

Gm. 

per 100 gm. solvent 

K,CO, 

CaH,OH 

d 

KjCO, 


d 

45 

5-0 

0.2 

22 

17.8 

1 .0 

44 

5-2 

0.2 

21 

18.9 

1 . 1 

43 
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0.2 

20 

20.0 

I . I 
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0.3 
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I . I 
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1 .2 
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37 

7.4 

0.4 
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27.2 
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1-3 
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8.3 
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1-3 

34 

8.8 
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50.3 

2.0 

24 

15.8 

0.9 

2 

52.6 
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1 .0 

— 

— 

— 


The curve and the table above given may be considered 
approximately correct for room temperature (23° to 26®). 
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The effect of change of temperature was studied a little, and 
will be discussed under a later head (Temperature Coefficients 
and Critical Solution Temperattures). 

System Potassium Carbonate, Methyl Alcohol, Water 

This system was first investigated by Linebarger,* who 
made three determinations of points on the binodal curve. 
As shown in Fig. 7, his results are evidently far from accurate, 





Fig. 7 — Plot of Results of B. de Bruyn and Linebarger, in the 
System: Potassium Carbonate, Methyl Alcohol, Water 

as they lie on a curve which must be true for temperatures 
near zero. De Bru)m* determined the position of the quad- 
ruple point at 17° and 35°, three other tie-lines on the binodal 
curve at the first temperatme and two at the second. He 
recalculated Dinebarger’s results and showed their inaccuracy, 
and gave a general (“ schematisch ”) curve to show the form 
of the isotherm. This is reproduced in Fig. 8, to compare 
with the diagram of the isotherm which I have determined 
at room temperatme (Fig. 9) and the plot of the actual re- 
sults obtained by him and by Linebarger (Fig. 7). The 
only other work which appears to have been done on this 
system is that of Wrewsky,* who showed that the vapor 

* Am. Chem. Jour., 14, 380 (1892). 

2 Zeit. phys. Chem., 32, 63 (1900). 

* Jour. Russ. Phys. Chem. Soc., 32, 593 (1900); Jour. Chem. Soc., 80, II, 
56 (1901). 
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pressure of the system increased with the proportion of the 
salt present. He showed that, as was to be expected, the two 
layers formed in the system had the same vapor pressure, the 
partial pressiue of the water being lowered and that of the 
alcohol raised by the presence of the salt. He also studied 
the effect of temperatture on the vapor pressure of the system. 

jr 


Fig. 8 — B. de Bruyn’s Diagram for the ^stcm: 

Potassium Carbonate, Methyl Alcohol, Water 

As potassium carbonate appears to be the only salt which 
is capable of precipitating methyl alcohol at ordinary tem- 
peratures, this system was studied to see how closely it re- 
sembled the others. The binodal curve was determined, 
as in the other cases, and the data are found in Table 8. 
Determinations of the composition of the two layers in equilib- 
rium at the quadruple point were made by the same methods 
as in the other cases. The upper solution was found to con- 
tain 76.22 and 75.48 percent of methyl alcohol and 6.38, 
6.22, and 6.36 percent potassium carbonate, or an average of 
75.85 percent methyl alcohol and 6.32 percent carbonate. 
Much trouble was experienced in distilling this solution, on 
account of the very violent bumping which took place, and the 
distillate had to be redistilled once or twice to get rid of all 
carbonate. The determinations on the lower solution showed 
6.10 percent of methyl alcohol and 49.01 and 49.09 percent of 
carbonate. 
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A number of determinations of the solubility of the car- 
bonate in stronger alcohol were made by weighing out quan- 
tities of the absolute alcohol and water to make a solution of 
known composition, adding a slight excess of the finely 
powdered anhydrous salt, shaking, sometimes warming, and 
allowing to stand for some weeks at room temperature, with 
frequent shaking. If the excess of carbonate appeared to be 
becoming less than a gram, more was added. From 8o to 
160 grams of the solvent were used in each case. With 
stronger alcohol, the time required to reach equilibrium was 
longer. Thus using alcohol of 86.7, 90.5 and 96.5 percent by 
weight, determinations after three weeks gave potassium 
carbonate 2.03, 1.38, and 1.84 percent by weight of the re- 
spective solutions, while after five weeks the same solutions 
gave 2.05, 1.56 and 2.13 percent by weight. The higher 
figure was accepted in the first two cases as approximately 
correct, and another solution made up for the latter. This 
solution, using 96.2 percent alcohol, was digested for several 
hours at 40 “-so®, and after standing two weeks, with frequent 
shaking and occasional warming, showed in two duplicate 
determinations 2.72 and 2.72 percent by weight. A sample 
of the absolute alcohol, similarly treated, gave a solution 
containing 4.29 percent by weight of the carbonate, the two 
duplicate determinations agreeing exactly. But on longer 
standing and addition of more carbonate, the salt content 
rose to 5.54 and 5.74 percent. In the course of the deter- 
mination of the upper quadruple point (anhydrous salt, 
hydrate, liquid, vapor) the alcohol and salt content of two 
solutions was determined by analysis. One contained 90.96 
percent alcohol and i .98 percent salt by weight, and the other 
94.74 percent alcohol and 4.39 percent salt (93.67 and 98.91 
grams alcohol per 100 grams solvent, respectively). 

The determination of this upper quadruple point by de- 
hydration of about 90 percent methyl alcohol by successive 
treatments with the ignited and pulverized carbonate, showed 
that at that point the solvent is 99.35 percent alcohol and the 
solution contains 94.14 percent alcohol, 0.33 percent water, 



TABtrB 8 — BiNODAt, Curve for the System: Water, Methye Aecohol, Potassium Carbonate, at Room 

'PeMPERATURE. Absolute Methyl Alcohol Used 

Solvent added Total wei^t present Grams per loo gm. solvent Percent by weight 
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These two points aie not on the binodal curve, but are on the curve of saturated csu'bonate solutions not saturated with alcohol. 
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and 5.53 percent potassium carbonate by weight. These 
determinations have been plotted in the proper places in the 
figure. A determination made by the distillation of an 
alcoholic solution, and determination of both alcohol and 
carbonate is also plotted. (Carbonate 4.41, water 20.76 and 
alcohol 74.83 percent by weight of the solution.) 

Since the lower or watery layer at the quadruple point 
Q, contains 6.1 percent of alcohol and only 49.05 percent 
carbonate, while the saturated solution of the carbonate, 
prepared from the same salt and standing at room tem- 
perature with an excess of the hydrate, contained 53.06 per- 
cent of the salt, attempts were made to get determinations 
showing points on the line DE (Fig- 2), and the two deter- 
minations marked with a star in Table 8 were the result. 
They were made by the same general method as the other 





determinations in the table, except that the solution was not 
saturated with alcohol, only a small amount being added, and 
then water cautiously added, with shaking and standing, 
until the precipitated carbonate was just redissolved. As 
this point could not be determined with very great accuracy, 
the results are only approximate, but care was taken to get 
them as accurate as possible. They have been plotted in 
Fig. 9. 
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System Potassium Fluoride, Propyl Alcohol, Water 

The binodal curve was determined at room temperature 
as in the other systems, and the results are found in Table 
9 and plotted in Figs. 10 and 13. Experiments showed that 
the influence of temperature on the position of the binodal 
curve was quite marked in all cases in which propyl alcohol 
was one of the components of the system. Therefore some 
observations on the effect of such changes at several points 
in the curve were made, and are discussed under a later 
heading (Temperature Coefficients and Critical Solution Tem- 
peratures). Determinations of the composition of the two 





Fig. 10 — Equilibrium in the System: Potassium 
Fluoride, Normal Propyl Alcohol, Water 

liquid layers in equilibrium at the quadruple point were made 
as in the other systems, and the lower solution was found to 
contain 47.62 percent potassium fluoride and 0.039 percent 
propyl alcohol by weight, or 90.91 and 0.075 gram per 100 
grams solvent, respectively. The upper solution contained 
96.78 percent propyl alcohol and 0.17 percent potassium 
fluoride by weight, or 96.98 and 0.17 gram per 100 grams 
solvent, respectively. A determination of the solubility of 
potassium fluoride in 99.6 percent propyl alcohol, using about 
45 grams of the solution, showed that the saturated solution 
at room temperature contained 0.34 percent of the anhydrous 
fluoride. One tie-line was investigated, the upper solution 
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by analysis containing 78.91 percent of the alcohol and 0.31 
percent fluoride by weight, while the lower solution contained 
9.67 percent fluoride by weight. This tie-line has been drawn 
on Fig. 10. 

A determination of the composition of the liquid layer 
at the second quadruple point, where the liquid is in equilib- 
rium with both the solid salt and its hydrate, was made with 
the original alcohol, and the distillate was found to be 98.72 
percent by weight propyl alcohol. Later another deter- 
mination was made, using some of the propyl alcohol re- 
covered and fractionated as described on page 417, and diluted 
with water. After digesting with an excess of fluoride the 
distillate contained 98.77 and 98.73 percent of alcohol by 
weight. The solution was found to contain 0.28 percent by 
weight of the anhydrous fluoride, and its composition was 
thus: propyl alcohol 98.44 percent, potassium fluoride 0.28 
percent, water t.28 percent by weight. The close agreement 
of the two determinations made on the recovered and purified 
alcohol with the one made with the original alcohol, indicates 
that the influence of the impurities in the latter was negli- 
gible. 

System Potassium Carbonate, Propyl Alcohol, Water 

The determinations of points on the binodal curve were 
made as in the other systems, and are found in Table 10, and 
plotted in Figs, ii and 13. The temperature of the solutions 



Fig. II — Equilibrium in the System; Potassium 
Carbonate, Normal Propyl Alcohol, Water 


Table 9 — Binodal Curve for the System: Water, Propyl Alcohol, Potassium Fluoride, at Room 
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was frequently tested during each series of determinations, 
and kept between 22 and 26°. Some determinations of the 
effect of change of temperature on the position of the binodal 
curve were made, and are discussed later. Duplicate deter- 
minations of the amount of carbonate in the lower solution 
at the quadruple point gave 53.05 and 52.89 percent, or 
practically the same as in saturated solutions of the carbonate 
at room temperature (53.06 percent). A determination of the 
propyl alcohol content, in the distillate from about 300 grams 
of the solution, showed this to be only 0.02 percent by weight. 
The upper solution contained 0.017 percent by weight of the 
carbonate, and 95.83 percent of propyl alcohol. It will be 
noted that as in the case of the quadruple point determina- 
tions with ethyl alcohol, the upper layer in the system con- 
taining potassium carbonate is a weaker alcohol than in the 
system containing the fluoride. This indicates, as pre- 
viously shown, that the saturated solution of the fluoride 
has a lower vapor tension than that of the carbonate. De- 
termination of the solubility of the anhydrous carbonate in 
99.6 percent propyl alcohol showed that the saturated solution 
under ordinary conditions contained 0.031 percent of the 
salt. The fluoride is therefore ten times as soluble as the car- 
bonate both in absolute propyl alcohol, and at their respective 
quadruple points. 

The other quadruple point, where there are two solid 
phases, a liquid and a gaseous phase, was not determined, 
as from the known vapor pressure of the hydrate of the salt, 
this point would undoubtedly lie within a few' tenths of a 
percent of 100 percent alcohol, and unless a quantity of spe- 
cially pure alcohol was available, so that the actual gravity 
of the absolutely pure alcohol, carefully dried, could be ob- 
tained, it would be a waste of time to attempt the deter- 
mination of this point. 

System Sodium Chloride, Propyl Alcohol, Water 

As an example of a salt only moderately soluble in water, 
not capable of crystallizing with water of crystallization, and 
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possessing obviously a low affinity for water, sodium chloride 
was chosen as the precipitant to compare with potassium 
carbonate and fluoride. The binodal curve was determined 
as in the other systems, and the determinations are found in 
Table ii, and plotted in Figs. 12 and 13. The first three 


Fig, 12 — Equilibrium in the System: Sodium 
Chloride, Normal Propyl Alcohol, Water 

series of determinations were made at room temperature, 
but without taking special care to control this factor. In 
the last series, containing the solutions high in alcohol, where 
the temperature would exert an influence that might be very 
disturbing, it was determined frequently, and kept between 
23° and 25°. The fact that those determinations in this 
series which fall within the limits of concentration covered 
by the two series check well with them, would indicate that the 
temperature in these series was not seriously different from 
that assumed (23° to 26°). As we do not have in the case of 
sodium chloride the relatively large heat of dilution which is 
found with the other two salts, the only factor tending to 
raise the temperature unduly was the heat of the hands, and 
the effect seems to have been negligible. 

Determinations of the effect of temperature on the 
equilibrium showed that this is a much greater factor than in 
the case of the other two salts. This will be discussed in de- 
tail under the next head. 




Table II — Binodal Curve for System: Sodium Chloride, Propyl Alcohol, Water, at Room Tem- 
perature. 98.05 Percent Propyl Alcohol Used 
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There is only one quadruple point in this system, as the 
salt is not capable of forming a hydrate at ordinary tem- 
peratures, and there can therefore be but one solid phase. 
The composition of the two liquid layers at this point was 
determined as in the other similar cases. Three determina- 
tions of. the propyl alcohol content of the lower layer showed 
2.29, 2.95 and 2.21 percent, respectively. Determinations 
of the salt content gave 24.81 and 25.00 percent as against 
a content of 26.33 percent of salt in the saturated solution in 
pure water under the same conditions. Duplicate determina- 
tions on the upper layer gave 87.81 and 87.59 percent alcohol, 
and 0.53 and 0.56 percent salt by weight, or 88.28 and 88.08 
grams alcohol per roo grams solvent. A determination of the 
composition of a saturated solution of salt in 99.6 percent 
propyl alcohol, showed that it contained 0.040 percent of salt 
by weight. In this case the solubility decreases continuously 
with the increase in strength of the alcohol. 

Two determinations on the line (DE, Fig. 2) joining the 
saturated solution of the salt in water with the lower solution 
at the quadruple point have been made by Armstrong and 
E)rre,‘ in the course of their work on the displacement of salts 
from solution by various precipitants. Their salt was a little 
more soluble in water than mine (36.295 grams per 100 grams 
water, forming a solution containing 26.63 percent salt), 
bxit the difference is so small as to be invisible on the plot, so 
their results have been marked with crosses on Fig. 12. They 
found that one solution saturated with salt, contained one- 
fourth gram molecule propyl alcohol per 1,000 grams water 
and 355.75 grams salt, while another contained one-half 
gram molecule of propyl alcohol per 1,000 grams water and 
350.20 grams salt. These two solutions would then have the 
composition: propyl alcohol 1.09 and 2.17 percent, water 
72.95 and 72.45 percent, sodium chloride 25.95 and 25.37 per- 
cent, respectively, and are plotted in Fig. 12. 

Parts of the binodal curves for the three systems involving 


' Proc. Roy. Soc., 84A, 123 (1910). 
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propyl alcohol have been drawn in rectangular coordinates in 
Fig. 13. It will be noticed that the curves are in general 



Pig. ,3 — Parts of Binodal Curve for Normal Propyl Alcohol, and Water, 
with Sodium Chloride, Potassium Carbonate, or Potassium Fluoride 

parallel, but the curve for the carbonate lies above that for 
the fluoride at concentrations from 3 to 40 grams of salt per 
100 grams solvent, and below it for concentrations outside 
these limits. This is exactly the reverse of things shown in 
the systems involving ethyl alcohol (Fig. 4), and would 
indicate that the relative salting-out power of different salts 
depends to a certain extent upon the substance treated, and 
not, as some authors have stated, entirely upon the anion 
and cation of the salt. The fact that sodium chloride, which 
is here shown to be almost as good a salting-out reagent as 
potassium carbonate, for propyl alcohol, does not salt out 
ethyl alcohol at all, although it is relatively insoluble in the 
strong alcohol, is another indication that we cannot reason 
from a few isolated cases to form a general theory of the 
salting-out process. 
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Temperature Coeffloients and Critical Solution Temper- 
atures 

By the critical solution temperature of a mixture, we 
understand that temperature at which the solution just be- 
comes homogeneous. We may then distinguish between 
upper and lower critical temperatures. An upper critical 
solution temperature is found when on warming an inhomo- 
geneous mixture complete miscibility is obtained at and above 
a certain temperature, while a lower critical temperature 
is one below which the soltitioti is homogeneous, but above 
which it separates into two layers. For ternary systems, the 
general theory of the critical solubility temperatures has been 
given by Timmermans.’ He considers that all liquid pairs 
have both an upper and a lower critical solution temperature. 
Above the former and below the latter temperatures they are 
miscible. Many examples of liquid pairs having upper critical 
temperatures are known, and some that have lower critical 
temperatures. But in the case that only one of these tem- 
peratures is experimentally realizable for a given pair, it is 
probable that the other lies cither above the boiling point or 
below the freezing point of the mixture. By the addition of 
certain substances, very soluble in both components, it was 
possible in some cases to raise the lower critical temperature 
and lower the upper one so that both became realizable. 

For the case of two solutions which are miscible in all 
proportions at all temperatures, Timmermans assumes that 
the lower critical solution temperature lies above the upper 
critical solution temperature, and therefore there can be no 
temperature above the lower critical temperature which is 
at the same time below the upper critical temperature, and 
vice versa. For this reason such liquids are miscible at all 
temperatures. However, these liquid pairs should actually 
have such critical temperatiu-es, which might be realized, if 
we could add some substance, soluble in only one of the 
liquids, which would lower the lower critical solution tem- 


• Zeit. phys. Chem., 58, 129 (1907). 



Equilibria in Systems Containing Alcohol, Etc. 461 


perature or raise the upper one, or both. Such a substance 
would cause a separation of the homogeneous mixture into two 
liquid phases, i. e., would “salt out’’ the liquid. The systems 
described herein belong to this class. It seemed, therefore, 
interesting to study the effect of change of temperature on 
some of them, and a few experiments along this line were per- 
formed, and will be described here. 

It is to be noticed that the theoretical requirement that 
the salting-out substance be insoluble in one of the liquids 
appears to refer only to a relative solubility, since in the 
systems involving methyl and ethyl alcohol, the salting-out 
substances here studied are certainly soluble, and in the case 
of metliyl alcohol and potassium carbonate, this solubility 
reaches a value of over 6 grams per 100 grams solvent in the 
absolute alcohol. If the statement in the theory be amended 
to read that the substance capable of salting out a liquid 
must have only a slight solubility in mixtures containing a 
large proportion of that liquid, it would be in better accord 
with the facts. 

For the system: potassium carbonate, ethyl alcohol, 
water, Cuno' has shown that the different isotherms rep- 
resenting the binodal curve all cross at or near the plait- 
point, and that this point would then be independent of the 
temperature, and a solution at this point would not cloud 
(become inhomogeneous) on eitlier warming or cooling. 
Solutions containing more alcohol than this critical solution 
will cloud on cooling but remain clear on heating (i. e., are at 
their upper critical temperature), while those with less alcohol 
cloud on warming but remain clear on cooling (showing them 
to be at their lower critical temperature) . This idea as to the 
plait-point is supported by the observations of Krug and 
McElroy,^ who studied the precipitation of acetone by tlie 
sugars, and state that the isotherms in the system; acetone, 
dextrose, water, all cross each other in one point. The ob- 

^ Drude's Ann., 25, 346 (1908). 

* Jour. anal. appl. Chem., 6, 153, 188 (1892). 
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servations of Traube and Neuberg,* in the system: ammonium 
sulphate, ethyl alcohol, water, also bear out the statement. 
They state that warming the lower one of two conjugate 
solutions always causes it to separate, but cooling it does not. 
With the upper layer these results are reversed. This corre- 
sponds exactly with the case of tlie carbonate. 

But Cuno also found that in the case of solutions with 
less alcohol than that at the plait-point, when some of them 
were heated to a higher temperature they cleared again, so 
exhibiting both upper and lower critical temperatures. Thus 
with a solution containing 35.19 percent of carbonate by 
weight, the solution was inhomogeneous between the tem- 
peratures 25° and 42°, while another solution containing 
32.85 percent of the salt was inhomogeneous between 25° 
and 51°. A solution with 21.16 percent salt was clear below 
25°, but cloudy from that point up to 80®, which was as high 
as it could be tested. Therefore, with increasing salt content, 
in the upper layer the temperature interval between the upper 
and lower critical temperatures for a given solution decreases, 
as does also the alcohol content of the solution. .StielP 
showed that a solution containing 16.8 percent carbonate, 
16.8 percent alcohol, and 66.4 percent water had a lower 
critical solution temperature of 40° and an upper one of 70°. 
This is very close to the plait-point as given by Cuno (30 
grams alcohol, 22.5 grams carbonate, and 100 grams water, 
or 14.75 percent carbonate), and would tend to throw doubt 
on the latter’s statement that the isotherms all cross at the 
plait-point. These determinations have been plotted in 
Fig. 14, the two temperatures at which the solution just 
clears being joined. The plait-point is also indicated, and 
the apparent locus of the upper critical temperature for solu- 
tions having a lower critical temperature of 25°. 

At the close of the third series of determinations in Table 
6, the solution (containing 8.03 percent carbonate, and there- 

^ Zeit. phys. Chem., i, 509 (1887). 

» Jour. Phys. Chem., 2, 457 (1898). 
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fore one of the upper layers of a pair of conjugate solutions) 
was found to have an upjier critical temperature of 24.8°. 
It was now cooled and water added until clear. This solution, 
having the composition 8.625 grams potassium carbonate, 
65 grams water and 34.19 grams alcohol per 100 grams 
solvent, had an upper critical temperature of 13.6°. On 



14 — I'ljper and Lower Critical Temperature^ 

111 the vSystem, Potassium Carbonate, 

Ethyl Alcohol, Water 

cooling more, and adding water to clear, a solution having an 
upper critical temperature of 7.6"^ was obtained. It con- 
tained S 554 grams carbonate, 66.13 grams water, and 33.87 
grams alcohol per 100 grams solvent. These two points lie 
on the isotherms for those temperatures. In Fig. 15 the 



Fig. 15 — Isothcnrib in the System Potas 
sium Carbonate, Ethyl Alcohol, W'atcr 

isotherm for 25° at that concentration has been plotted from 
the results in Table 6, and these two results put in and the 
general course of their isotherms at that concentration 
sketched. 

In the system: potassium fluoride, ethyl alcohol, water. 
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no work has previously been done. In preliminary work here, 
several solutions which were just homogeneous were both 
heated and cooled without noticeable separation into two 
layers. The only quantitative work thus far done along 
this line on the system was in connection with the deter- 
mination of alcohol mentioned on page 434, where, at a fluoride 
concentration of 15.805 grams per 100 grams solvent, a lower 
critical temperature was shown, and the solution clouded 
slightly on heating. The amount of solvent present (about 
46 grams) was so small that no very accurate determination 
of the effect of temperature was possible, but as near as could 
be told, the addition of 0.25 cc water restored the solution to 
homogeneity at 35°. The effect of a change of temperature 
on the binodal curve appears to be small. 

In the system; potassium carbonate, methyl alcohol, 
water, B. de Bruyn,’ by determining the location of the 
quadruple point Q, (solid, two liquids, vapor) at various tem- 
peratures, has concluded that as the temperature is lowered, 
the composition of the two liquid layers at the quadruple 
point becomes more nearly alike, until at about —35° they 
become identical, and hence below this temperature the 
mixture can contain but one liquid phase, i. e., this is the 
lower limit of the lower critical solution temperature. He has 
determined the isotherms in this system for several tem- 
peratures, and does not find that they cross at all. From 
his results for the quadruple points, such isotherms would 
have to cross each other twice, if they crossed at all. It 
therefore appears that it is not necessary that the plait-point 
have this peculiar property in all cases. 

We took some of the upper solution at the critical point in 
this system, and verified qualitatively de Bruyn’s results. 
Cooling this solution caused no separation, but on heating it 
clouded at 24.5°. Addition of a small amount of an aqueous 
solution of potassium carbonate having the same percent of 
carbonate as this solution, raised the point of clouding to about 
36°. On heating to higher temperatures, the solution cleared 


Zeit. phys. Chem., 32, 63 (1900). 
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up a good deal, becoming almost clear at 68°, where it was 
about to boil. In the heating and cooling of this solution the 
phenomenon of the supersaturation of the upper layer was 
frequently observed, and it could be supercooled a couple of 
degrees before the separation took place, if the cooling was 
rapidly done. A further addition of a little of the same 
aqueous carbonate solution caused the solution to remain 
clear even when heated to 62°. 

The three systems involving propyl alcohol appear never 
to have been studied before, and it was here that the effect of 
temperature appeared to be the greatest. In the system: 
potassium fluoride, propyl alcohol, water, at the close of the 
third series (Table 9) the solution was cooled below zero, 
and no cloudiness appeared. Propyl alcohol was now added, 
a little at a time, and a solution formed having the com- 
position: potassium fluoride 21.003, water 96.65 and propyl 
alcohol 3.35 grams per 100 grams solvent, and a lower critical 
temperature of — 3° C. Thus with practically no change in 
salt content (from 21.175 fo 21.003 grams per 100 grams 
solvent) the drop of 28.6° in temperature increased the solu- 
bility of the alcohol from 2.57 to 3.35 grams per 100 grams 
solvent. On warming, over 10 grams of water had to be 
added to the solution (containing about 140 grams solvent) 
to make the solution homogeneous, and this solution (fluoride 
19-554. water 96.88 and propyl alcohol 3.12 grams per 100 
grams solvent) had a lower critical temperature of 14°. As 
in the case investigated by B. de Bruyn, and mentioned above, 
the lower the temperature the greater the apparent effect on 
the position of the curve. This was well shown by the fact 
that upon now heating this solution only about 7 cc of water 
needed to be added to give a solution (fluoride 18.693, water 
97.02 and propyl alcohol 2.98 grams per 100 grams solvent) 
which had a lower critical solution temperature of 43.5°. 
In Fig. 16, part of the isotherm for 25° (approximately) has 
been plotted from the data in Table 9, and the points thus 
determined marked and the position of their isotherms indi- 
cated. 
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In the same system, with a solution much richer in 
alcohol (fluoride 0.533, water 29.93 propyl alcohol 70.07 
grams per 100 grams solvent) a lower critical solution tem- 
perature of 27° and an upper one of 41.5° could be clearly 
found. Supercooling and superheating gave much trouble 
in this .determination. The separation into two phases be- 
tween the temperature mentioned was very noticeable. 



16 — Isothenns in the System; Potassium 
Fluoride, Normal Propyl Alcohol, Water 


In the system: potassium carbonate, propyl alcohol, 
water, an attempt was made to determine the effect of tem- 
perature changes on the solubility of the alcohol in solutions 
having a constant salt content. That portion (about 105 
grams) of the solution left at the end of the fourth series of 
determinations in Table 10, and not used in the last series, 
was used in these determinations. It contained, as noted in 
Table 10, 0.958 gram potassium carbonate, 47.95 grams water, 
and 52.05 grams propyl alcohol per 100 grams solvent. It 
had a lower critical temperature of 27.0° and an upper critical 
temperature of 57.3°. An aqueous solution was prepared, 
of the same carbonate content as this solution. About 0.5 
gram of this aqueous solution was now added to the alcoholic 
solution; The salt content, of course, remained unchanged, 
the composition of the solvent was now; water 48.28 percent, 
alcohol 51.72 percent, and the critical solution temperatures 
34.5® and 50.9°. By accident, a little niore of the water 
solution than was intended was now added (1.218 grams) and 
the solvent in the resulting solution had the composition: 
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water 48.87 and alcohol 51.13 percent. On heating and 
cooling, the solution appeared to be homogeneous except for 
a trace of cloudiness noticed between 40° and 45°. 

More carbonate, in the form of a solution of known 
strength, was now added, and the solution cooled to about 
— 12 °C, remaining cloudy all the time after the carbonate 
was added. Water at room temperature was added in small 
portions, and of course warmed the solution somewhat at each 
addition; after which it was again cooled. The purpose was 
to get a solution having a lower critical point at as low a 
temperature as possible, and take a series of critical tem- 
peratures, by adding small portions of water. During the 
addition of one portion of water, it was noticed that a part 
of the solution cleared up, but clouded again on cooling. 

Suspecting the presence of a critical temperature, when 
further cooling did not clear this, it was allowed to warm up a 
little, when it was found to clear sharply at exactly — 10°. 
Cooling below this produced copious cloudiness, and just 
at this point it would clear sharply. Careful observation 
failed to .show any trace of crystallization or precipitation of a 
.solid phase, the solution had the same appearance as at other 
times w'hen at a critical solution temperature. This ap- 
peared to be then an upper critical solution temperature, at 
— 10°. On warming this solution carefully to 60°, no other 
cloudiness was noticed at any time. After weighing at 25°, 
some of the 98 percent propyl alcohol was cautiously added 
until the solution just became cloudy. Over 18 grams was 
required, showing that the solution which had shown an upper 
critical point at -10° was far from being saturated at ordinary 
temperatures. As a matter of fact this solution had a com- 
position of: carbonate 1.405 grams, water 59-60 grams, and 
alcohol 40.40 grams per 100 grams solvent, whereas from the 
results in Table 10 it is seen that a solution on the binodal 
curve at room temperature, having that salt concentration, 
would have had about 45 percent alcohol in the solvent. 
These and other results in this system are plotted in Fig. 17. 

After the addition of the alcohol, as above-mentioned, 
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the solution contained 1.237 grams carbonate, 52.43 grams 
water and 47.57 grams alcohol per 100 grams solvent, and 
showed a lower critical temperature of 23.5°; i. e., it cleared 
on cooling to that temperature, and remained clear below it. 
Curious ^to see if another upper critical solution temperature 
would .appear below this lower critical temperature, we cooled 
it to — 10®, when the solution again became suddenly in- 
homogeneous, and the presence of an upper critical solution 
temperature could be plainly demonstrated at the same point 
as in the preceding case. After checking this point, the solu- 
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Kig. 17 — Upper and Lower Critical Solution Tempera- 
tures m the System: Potassium Carbonate, 

Normal Propyl Alcohol, Water 

tion was heated past the lower critical temperature, and 
another upper critical temperature found at 57.6°. On 
account of lack of material of known purity these experiments 
were not continued, but it appears that it is possible to have 
not only both an upper and a lower critical temperature in the 
same ternary mixture, as demanded by the theory of Timmer- 
mans, but also a second upper critical temperature which lies 
below the lower critical temperature, and does not appear to 
have been previously considered possible. It may have been 
caused by impurities in the alcohol, but that does not seem 
probable, and the phenomenon will be further investigated. 

The effect of temperature upon the equilibrium in the 
case of propyl alcohol and sodium chloride is the largest of 





Equilibria in Systems Containing Alcohol, Etc. 469 


any of those here studied. At the close of the third series of 
determinations (Table 11) the solution had a lower critical 
temperature of 23°. It was cooled and more alcohol added to 
saturate the solution at the lower temperature. Thus the 
same amount of salt (20.636 grams) and water (184.539 
grams) which at 23° dissolved 19.113 grams of absolute propyl 
alcohol was now able to dissolve 10.155 grams more of the 
98 percent alcohol, and the solution had a lower critical tem- 
perature of - -7°. By warming the solution and adding 
successive portions of water, solutions were obtained having 
lower critical solution temperatures of 4.0°, 15.2°, 29.6°, and 
40.0°, and their composition has been plotted with the other 
solutions in Fig. 12, where it will be noticed that they form a 
line of considerable length. The composition of the solu- 
tions and their critical temperature of solution is shown in 
Table 12, below, numbers i to 6, and the course of the iso- 
therms at the various temperatures at that point indicated 
in Fig. 18. 



Fig. 




18 — Isotherms in the System: Sodium 
loride. Normal Propyl Alcohol, Water 


Some experiments were also performed in solutions more 
dilute as to salt and more concentrated as to alcohol, and both 
upper and lower critical solution temperatures obtained in the 
same solution in some cases. The solution at the start (No. 
7, Table 12) was the last one given in Table ii ; it had a lower 
critical temperature of 25.2°. By warming and adding 
successive portions of water and, at the last, of alcohol, the 
solutions numbers 8 to ii in Table 12 were produced. Care 
was taken to correct frequently for loss by evaporation, all 
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the experiments being conducted in a flask with a rubber 
cork through which passed a standardized thermometer. 
As the cork must be frequently loosened to relieve the pressure, 
there was always a loss during heating. For this reason the 
calculation of the results is complicated, and only the final 
results are given in the table. 


Table 12 


No. 

Composition, grams per loo gm. 
solvent 

Critical solution temperature 
deg. C. 


NaCl 

HaO 

C,H,OH 

Lower 

Upper 

I 

10.128 

90 61 

9-39 

23.0 

Not determined 

2 

9.652 

86.40 

13.60 

--7.0 

Not determined 

3 

8.983 

87-35 

12.65 

4.0 

Not determined 

4 

8-394 

88.18 

11.82 

X5-2 

Not determined 

1 

5 

7.918 

88.85 

II. 15 

29.6 

Not determined 

6 

7.498 

89.44 

10.56 

40.0 

Not determined 

7 

2.280 

47-25 

52.75 

23-0 

Not determiijied 

8 

2.271 

47.46 1 

52.54 

! 25.2 

Not determined 

9 

2.264 

47 62 

52.38 

27.9 

I Not determined 

10 

2.254 

47-85 1 

52.15 1 

34-0 

40.0 

II 

2.253 

47-88 j 

! 52.12 

35-7 

35-7 (?) 

12 

2.209 

46.97 ' 

53 03 ! 

! 32-1 

! 42.8 


It will be noted that in the next to the last determination 
(No. ii), the upper and lower critical temperatures appear to 
have become identical. The solution from the previous test 
had been warmed a couple of degrees, and water added (0.150 
gram) to just clear the solution. The temperature was now 
35.7°, and on cautiously warming, no cloudiness appeared. 
Cooling again produced at one point a possible trace of cloudi- 
ness, which immediately disappeared. This then appears to 
be at a point where the two critical temperatures coincide. 

As the above table contains four variables, the relations 
it contains cannot be plotted as they stand. One variable is 
easily eliminated, for purposes of plotting, by expressing the 
table as above, and then plotting the composition of the 
solvent as one variable. If the percentage of alcohol be 
plotted as increasing from left to right, the percentage of water 
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increases in a corresponding way from right to left, and both 
are represented by a single point. This simplification would 
make it possible to plot the effect of a change of temperature 
upon the solubility of the alcohol in a given salt solution as in 
Fig. 17, if we could reduce all the values in the table to the 
same salt content. All that we need to know for this purpose 
is the slope of the binodal curve at this point (determination 
7, Table 12) but unfortunately this is not easy to determine 
accurately, as it is so steep that a small error will make a 
large difference in the results. By comparison with the next 
lower value (salt 3.686, alcohol 19.69 grams per 100 grams 
solvent) it would appear that over this range 0.406 gram salt 
per 100 grams solvent make a change of 33.06 percent in the 
alcohol, or 0.081 percent per milligram salt. In the other 
direction, taking the value for the upper layer at the quadruple 
point (salt 0.535, alcohol 88.28 grams per 100 grams solvent), 
and comparing with determination 7, we find that over this 
range a change of a milligram of salt gives an average change 
of 0.002 percent alcohol. At the point in question, the value 
(slope of the curve) must lie between these two numbers. 
But the determination 12 in Table 12 gives us a check 
upon the approximate magnitude of the factor. It must be 
such that when applied to this determination, the corrected 
alcohol content lies between the corrected values for de- 
terminations 9 and 10, since the lower critical temperature of 
12 lies between those of 9 and 10. By trial such a factor is 
easily found, and we have thus been led to assume that at the 
point on the binodal curve for 23°, represented by deter- 
mination 7, Table 12, a change of a milligram in the amount 
of salt per 100 grams solvent causes a change of 0.016 gram 
alcohol per 100 grams solvent. That is, since decrease of the 
salt content causes an increase in solubility of the alcohol, 
the observed value for alcohol is to be diminished by a value 
dj such that — 0.016 d^, where d, represents the difference 
(in milligrams per 100 grams solvent) between the salt con- 
tent of solution 7 and that of the solution which is to be cor- 
rected. In Table 13 these corrections have been applied. 
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so as to Induce all the observed solutions to the same basis as 
the original solution at 23°, and the value in the column headed 
“alcohol, corrected,” represents the solubility of alcohol, in 
grams per 100 grams solvent, in a salt solution containing 
2.280 grams salt per 100 grams solvent. 





Table 

13 



Composition, grams per loo gm. solvent 

Critical solution 
temperature, deg. C 

NaCl 


Alcohol 

1 

1 ^ 

i 

Alcohol 

corrected 

Lower 

Upper 

2.280 

0 

52 75 

o.ocy 

52 75 

23.0 

— 

2.271 

9 

52.54 ! 

0. 14 

.52 40 

25.2 

- — 

2.264 

16 

52.38 i 

i 0.26 

52.12 

27.9 

— 

2.254 

26 

52.15 

0.42 

51.73 

340 

40.0 

2.253 

27 

52.12 

^>•43 

51 69 

37-5 

37-5 

2.209 

71 

53 03 ' 

1.14 

51.79 

32.1 

1 42.8 


These values have been plotted in Fig. 19, which thus 
represents graphically the effect of temperature upon the 



Fig. 19 — Upper and Lower Critical Solution Teinperatures 
in the System: Sodium Chloride, Normal Propyl 
Alcohol, Water, at a Constant Salt Content 


solubility of propyl alcohol in a solution of a constant salt 
content of 2.280 grams per 100 grams solvent. Here, as in the 
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system: potassium carbonate, propyl alcohol, water, some of 
the upper isotherms coincide with lower ones. 

Summary 

Six ternary systems of the class salt-alcohol-water have 
been investigated, and the complete curves for each worked 
out and drawn. In those which involve hydrated salts it is 
shown that the solubility of the salt is greater in absolute 
alcohol than when the alcohol is diluted with a small amount 
of water; in general the solubility is about the same in absolute 
alcohol as in 60 to 70 percent alcohol. 

A new method for the determination of ethyl alcohol has 
been worked out, and the results indicate that it is accurate 
in the presence of a small amount of methyl alcohol, if properly 
conducted. 

It is shown for the first time that potassium fluoride has 
a very strong salting-out power for alcohols, and that its 
saturated solution is a better drying agent than a saturated 
solution of potassium carbonate, as it has a lower vapor 
pressure. The anhydrous salt itself is a good dehydrating agent, 
and more rapid than potassium carbonate on account of its 
greater solubility in organic liquids, at least in the alcohols 
here studied. It is also unique among drying agents of its 
class in the large percent of water it will take up to form its 
lowest hydrate. 

A few experiments on the effect of temperature changes 
on the position of tlie binodal curve in the system studied, 
show this influence to vary greatly in quantity. Both upper 
and lower critical temperatures were obtained in the same 
solution in several cases, and apparently in one of the systems 
there exists a second upper critical temperature below the 
lower critical temperature. 

Work on the higher alcohols and further work on the 
determination of methyl and ethyl alcohols is in progress. 

University of Minnesota 
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Modem Inorganic Chemistry. By J. W. Mellor, 21 X 14- PP^ X 871. 
New York: Longmans, Green and Co., igi2. Price: $2.20 . — ^The headings 
of the chapters are: introduction; combination by weight; water and hydrogen; 
combination by volume; the physical properties of gases; hydrogen; the kinetic 
theory of atoms and molecules; oxygen; water; crystals and crystallization; 
ozone and hydrogen peroxide; osmotic pressure and related phenomena; chlorine 
and hydrogen chloride; the relations of chlorine — iodine, bromine, and fluorine; 
the oxides and oxyacids of chlorine, bromine, and iodine; electrolysis and the 
ionic hypothesis; the alkaline earths; beryllium, magnesium, zinc, cadmium, 
and mercury; the alkali metals; electrical energy; copper, silver and gold; sulphur 
and its hydrogen compounds; compounds of sulphur with oxygen; chromium, 
molybdenum, tungsten, and uranium; manganese, iron, nickel, and cobalt; the 
oxygen compounds of nitrogen; compounds of nitrogen and hydrogen; nitrogen 
and atmospheric air, phosphorus, the oxides and acids of phosphorus, arsenic, 
antimony, and bismuth; boron, aluminum, and related elements; the platinum 
metals; the oxides of carbon; hydrocarbons; allotropic forms of carbon; com- 
bustion and flame, the compounds containing carbon and nitrogen; silicon; 
tin, lead, and some related elements; the classification of the elements; radio- 
activity; epilogue. 

This is a very delightful book and it contains a great deal of information, 
so much so that one is in doubt for whom the book is intended It cannot have 
been written for the reviewer^s delectation, because he did not pay for his copy. 
There is far too much physical chemistry in it for any introductory course as 
given in this country, and there is too much elementary matter for an advanced 
course. The preface is good enough to quote, but it throws no light on this 
question. 

“ Every teacher now recognizes that it is a sheer waste of time to introduce 
many abstract ideas into an elementary science course without a previous survey 
of facts from which the generalization can be derived. In most cases the histori- 
cal mode of treatment is correct, because the generalizations have usually been 
developed from a contemplation of the facts; in other cases the historical treat- 
ment may involve digressions which would seriously interfere with the efficiency 
of the course. Obviously, a teacher will try his best to instil the maximum 
amount of scientific method into the facts — as prescribed by his syllabus and 
time-table — always remembering that the student gets more lasting benefit 
from the method than from the facts per se. In after-life the scientific method 
may be retained as a permanent attitude of the mind when the facts them- 
selves are nearly all forgotten. Consequently, the justification for a general 
course in chemistry must be sought in the mind of the student rather than in the 
facts of the science. What, then, may a student expect from a general course 
of chemistry? 

1. SkiU in observation and experiment . — ^All are agreed that personal contact 
with facts is a great advantage. The constant absorption of statements and 
opinions from text-books makes a student lean so much on authority that he 
ultimately becomes unfitted for independent observation. Habits of self- 
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reliance, resource, and initiative can be acquired only in the laboratory, or by 
direct contact with natural phenomena. But practice in observation and 
experiment is not alone sufficient to develop the scientific faculty. The ob- 
servational powers of a savage are usually keener than those of a civilized man, 
and a student may learn to observe without gaining much beyond an increased 
facility in the art. and he may become very skilful in experimenting without 
gaining much more than mere dexterity in manipulation. 

2. Memory and knowledge of relevant facts, — Facts, of course, form the raw 
material which is refined by scientific methods into science itself. Consequently, 
many facts must be memorized by the neophyte in chemistry. Some students 
st)on learn the trick of amassing and memorizing all kinds of information in a 
mechanical way. All the facts associated with a phenomenon may not be of 
equal importance. In practice it is not always easy to discriminate between 
relevant and irrelevant facts. Still, it is important to confine the attention as 
closely as possible to relevant and essential facts, and to discard those irrelevant 
and accidental. The tyro in chemistry must trust his teacher to indicate the 
more significant facts to be committed to memory, and used as material for 
exercising his intellect and wits. 

3. Ability to reason and think in a logical systematic way. — A student must 
learn to reflect on the available data bearing on the problem in hand; and to 
explain a phenomenon by drawing legitimate inferences from approved evidence. 
It is a mistake to postpone the exercise and discipline of the thinking faculties 
until a student has memorized a vast accumulation of facts. It is necessary 
to form habits of reflection and thought as early as possible. Exercise means 
growth. The thinking faculty can be developed only through the student’s 
own individual efforts. Just as the memory, in some subtle way, grows more 
vigorous with use, so the exercise of the thinking faculties enhances the power 
to think. Vague indefinite observing is usually followed by muddled inchoate 
thinking. Clear thinking presupposes clear seeing. 

4. Cultivation of the imagination. — Some teachers have very pronounced ob- 
jections to the introduction of .scientific theories in an elementary course, they 
claim that "it is not scientific to present and discuss, say, the atomic theory in 
an elementary chemistry course ’’ It might be asked what constitutes an ele- 
mentary c<nirse.^ It would be a great mistake to suppose that science has no 
need for the imagination, for it is very true, as K. Pearson has said, that "dis- 
ciplined imagination has been at the bottom of all great scientific discoveries," 
and, as W. A. Fiske has said, that "every hypothesis and law of science is the 
result of a vivid imagination." Imagination helps to complete the picture 
outlined by observation and inference. The picture must, of course, be tested 
and criticized in every conceivable way to make sure that it is not a mirage 
among the purpled morning clouds to be dispelled by the dawning light. 

5. Development of a critical and impartial judgment. — The imagination, though 
very useful, is a most dangerous ally; and a sharp line of demarcation must be 
observed between valid or legitimate deductions from the evidence, and what 
has been supplied by the imagination. Each proposition must be judged solely 
on its merits. There must be no shirking of the facts, no exaggeration, no dis 
tortion of the naked truth. The mind must be kept open and free from preju- 
dice. The student must learn not to prejudge data and phenomena by ideas 
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formed independently of the things themselves. A teacher soon accumulates 
remarkable examples of the influence of expectation on judgment. If a prac- 
tical class knows what quantitative result “ ought to be obtained, it is surpris- 
ing how much nearer the result the majority will get than if the true result were 
unknown — and this without dishonest intentions. Rigorous honesty and ab- 
solute impartiality in dealing with approved evidence are indispensable. A 
complete absence of bias can alone give reality and meaning to scientific truths.*' 
Some infelicities have crept in. One cannot endorse the statement, p. 165, 
that "according to Gibbs' phase rule, a system will be in equilibrium w^hen its 
variance is equal to the number of components in the system less the number of 
phases increased by 2." In Table VII, p. 166, it should read unsaturated (in- 
stead of "saturated") solution of sodium chloride. On p. 170 the diagram is 
labelled to agree with the discussion, but both are wrong. It is not possible to 
do complete fractional crystallization at constant temperature though the reader 
would suppose so from the text, p. 171. Smith's work should have been referred 
to when discussing, p. 249, the behavior of calomel vapor. The reviewer would 
be glad to know under what conditions nickel will precipitate copper from aqueous 
solution, p. 362. The author has fortunately broken away from Ostwald's 
teachings and calls the equivalent weight the capacity factor, p. 375; but what 
compounds are known, p. 376, with an intensity factor of say 10 volts? The 
assumption of KSO^ anions, p. 459, seems quite unjustified. Text-books are 
apt to state, p. 471, that chromium melts at 1500®; but 1900® is probably an 
under-estimate. According to the reviewer's information, the charge in the 
phosphorus furnace, p. 576, contains much more aluminum phosphate than cal- 
cium phosphate. Most of the geysers and hot springs in the Yellowstone Park 
are silicious; but the Mammoth Hot Springs are calcareous waters, p. 773. 

In many places the author has prefaced a chapter or a section by a quota- 
tion from a real or an imaginary person. The reviewer regrets exceedingly that 
he has never said anything worthy of a place on this list. Most of us associate 
the epilogue with the drama; but the author has written one for his book, so 
it is quoted in full because one may never have another similar opportunity. 

"There are not far from 200,000 different compounds known to chemists, 
and hundreds of new compounds are discovered every year. The specific 
properties of all these substances are described in dictionaries of chemistry, 
and in memoirs of the various scientific societies. The student of chemistry is 
not expected to be acquainted with more than a small fraction of these com- 
pounds. If a chemist discovers what he believes to be a new compound, }t is 
possible to find if it has been previously prepared by consulting the literature 
just mentioned. 

" Herbert Spencer has properly said that in so far as the production of new 
compounds is carried on merely for the sake of obtaining new compounds, 
chemistry is not a science, but an art. The best chemist is not necessarily he 
who is familiar with the greatest number of compounds. Chemistry is something 
more than a compilation of empirical facts. Dictionaries of chemistry, not the 
memory, are the natural storehouses of isolated facts. The intellect is per- 
fected not by knowledge but by exercise. The time needed for memorizing a 
vast medley of facts can be far more profitably spent in training the brain to 
think clearly and logically, and the hands to do their work skilfully and accu- 
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rately. A student trusts his teacher to equip him with these essentials; and the 
conscientious teacher has, therefore, grave responsibilities. At the same time 
the work of the teacher may be reinforced or hampered by an examination 
syllabus which the student expects to traverse. 

"The experience of thousands of teachers crystallized in hundreds of text- 
books, syllabuses of examinations, etc., is supposed to have taught teachers 
what facts and principles the student of general chemistry should know. But 
the teacher has failed in his work if he has not whet the student's appetite for 
more. The subsequent progress of the student in general chemistry is, how- 
ever, largely determined by his intended profession, and I question if hereafter 
he can do better than follow the advice of Sherlock Holmes: 

I consider that a man’s brain is like a little empty attic, and you have to 
stock it up with such furniture as you choose. A fool takes in all the lumber 
of every sort that he comes across, so that the knowledge which might be useful 
to him gets crowded out, or at best is jumbled up with a lot of other things so 
that he has a difficulty in laying his hands upon it. Now the .skilful workman Ls 
very careful indeed as to what he takes into his brain-attic. He will have nothing 
but the tools which may help him in doing work, but of these he has a large 
a.ssorlmcnt, and all in the most perfect order. It is a mistake to think that this 
little room has elastic walls and can distend to any extent. Depend upon it 
there comes a time when for every addition of knowledge you forget something 
that you knew before. It is of the highest importance, therefore, not to have 
useless facts elbowing out the useful ones.” Wilder D. Bancroft 

The Principles of Applied Electrochemistry. By A. J. AUmand, 22 X 15 

cm, pp. rii 4- 547. Neiif York: Longmans, Green and Co., igT2. Price: $300. 
— This btiok, the second one of its kind to appear within the last three years, 
is designed to interest the student as well as the technical man. It is divided 
into a theoretical and a technical part. In the theoretical part the following 
subjects arc considered, power, Faraday’s laws, current efficiency, migration 
of ions, conductivity, energy relations, electromotive force, cathode and anode 
processes, electrolytic baths, electrothermics, and electrical discharge in gases. 
In the technical part the following are treated* primary and secondary cells; 
refining and plating of metals; electrolysis of sodium chloride and other solu- 
tions, and of fused baths; preparation of iron, steel, and ferro-alloys, carbide, 
cyanamide, carborundum, etc.; and, finally, the production of nitric acid, and 
ozone. In appendices a number of tables arc given. 

While containing information not before published in book form, the author 
does not show an intimate acquaintance with the magnitude of electrochemical 
industries. In some cases, too, the information, about processes supposed to 
be in use, is out of date. A number of points throughout the book might easily 
have been improved upon. 

Speaking scientifically, it would have been more logical to have omitted 
a discussion of physical chemical subjects like equilibrium in homogeneous 
and heterogeneous systems, phase rule, osmotic pressure, solubility product, 
etc., discussing more fully, the theory of electrolysis instead. The driving force 
in electrolysis, p. 29, is said to be the attraction of unlike charges of electricity, 
which, of course, would make migration depend on the distance of the ion from 
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the electrode. "Equivalent weight” is not satisfactorily defined. No dis- 
cussion of electrolysis is given. The importance of decomposition voltage is 
not pointed out. The important subject of plating is not adequately treated. 
The discussion on the physical character of an electrolytic deposit does not show 
acquaintance with the literature on that subject. Explaining the more rapid 
solubility of cast, than wrought or hammered, metal, by saying that it is less 
noble, is extremely unfortunate, since just the opposite condition obtains. The 
question of porosity is not considered. The discussion of some important prod- 
ucts> for instance, dry cells, and siloxicon, is short and scrappy. The size 
for the carborundum furnace is that used in 1907. The r61e of ultraviolet light 
in the preparation of ozone, and nitric oxide, is not even hinted at. 

Some mistakes have crept in, for instance, the use of dm* for ft*, p. 304. 

Throughout no hint is given as to the magnitude of any production, nor is 
there any attempt to tell the number of companies preparing a product or using 
a process. It Is felt that the work is sadly wanting on this important phase of 
an applied subject. 

The style of the book is not attractive. In fact it makes very hard reading. 
The drawings are mostly diagrammatic, and do not give the student an adequate 
idea of what commercial apparatus lo<3ks like. The book, however, is a welcome 
addition to a meagre collection. C. W, Bennett 

Orundzttge der Dispersoidchemie. By P. P. von Weimarn. 16 X 22 cm; 
pp. lit 4* 12 j. Dresden- Theodor Sieinkopff, Price: 4 marks, — ^The author dis- 
cusses the factors determining the size of a solid precipitate. He considers 
that the rate of precipitation is proportional to the percentage supersaturation 
— to the ratio of the supersaturation to the solubility. When the rate f)f pre- 
cipitation is low, we get a distinctly crystalline deposit. In general it is easier 
to get large crystals when the percentage supersaturation is small owing to the 
solubility being large; but this is not essential. In one of the hot springs at 
Teplitz, crystals of barium sulphate have been found up to two inches in length 
The concentration of barium sulphate in the water is so low that it cannot be 
detected analytically. In a case like this, it may easily have taken centuries 
to grown these crystals 

If the rale of precipitation is high, we get a higher degree of dispersity, 
a sol, a flocculent precipitate or a jelly as the case may be. The author believes 
that a jelly is always obtained if two very concentrated solutions, when mixed, 
produce a very insoluble substance. He illustrates this by mixing concentrated 
solutions of barium sulphocyanate and manganese sulphate, getting what he 
calls a coarsc-celled, clear jelly. The reviewer believes that this part of the work 
is unsound. What von Weimarn has done is to get a large number of drops 
coated with a barium sulphate membrane. These coalesce and give him the 
structure he describes, but this is not a true jelly as the reviewer understands 
the term, because the solution inside the drops still contains barium sulpho- 
cyanate or manganese sulphate as the case may be. That these are not true 
jellies can be seen from the experiments, p. 67, in which the cells took the form 
of spirally twisted tubes. 

In the latter part of the book the author discusses the conditions for sta- 
bility of suspensions and also the properties of suspensions and emulsions of 
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substances having high molecular weights. This part of the book is distinctly 
not as good as the first part because the author really has no very definite theory 
to guide him. 

Although one may object to an occasional point, there is no question but 
that the author’s investigations are fundamental and that further work on the 
theory of precipitation must consist in improving and extending the author’s 
theory and not in replacing it by an entirely different one. 

Wilder D. Bancroft 

Die neuere Bntwicklung der Kolloidchemie. By Wolfgang Ostwald. i6 X 
23 cm; pp. 23. Dresden: Theodor Steinkopff, igi2. Price: i mark. — ^The author 
of course rejects the old view of colloidal substances or of a colloid as being a 
special modification. Any extremely disperse phase is a colloidal system and 
consequently any substance can be converted into a colloidal state by a sufficient 
increase in the degree of dispersity. The experiments of von Weimarn have 
done much to confirm this view, and have brought out the general principles 
underlying all methods of preparing colloidal suspensions. In marked contrast 
to this are the author’s remarks on peptonization since he is forced to admit 
that we have as yet no satisfactory theory of peptonization. One resison for 
this, as the author justly remarks, is that the men, who have studied this point, 
have usually considered each one side of the problem, instead of taking a broad 
view of the subject. 

The author also gives a brief reference to some of the various industries 
based on colloid chemistry. He does not go so far, however, as the man who 
claimed that everything was colUnd chemistry except electrochemistry and the 
manufacture of heavy chemicals; even here the contact sulphuric acid process 
belongs under colloid chemistry, while the production of graphite slabs is not 
far removed WUder D. Bancroft 

Outlines of Physical Chemistry. By (r, Senter. Second edition. 13 X lo 
cm; pp. nt -f 3S2. Nni' York: D. Van Nostrand Co , jgi2. Price: $1.75.-- 
Jn the preface to the fiist edition the author states: 

‘’Physical chemistry is now such an extensive subject that it is impossible 
even to toueh on all its important applications within the limits of a small text 
book. I have, therefore, preferred to deal in considerable detail with those 
branches of the subject which usually prCvSent most difficulty to beginners, such 
as the modern theory of solutions, the principles of chemical equilibrium, elec- 
trical conductivity and electromotive force, and have devoted relatively less 
space to the relationships between physical properties and chemical composi- 
tion. The principles emploved in the investigation of physical properties from 
the point of view of chemical composition are illustrated by a few typical examples 
so that the student should have little difficulty in understanding the special 
works on these subjects. Electrochemistry is dealt with rather more fully that 
has hitherto been usual in elementary works on physical chemistry, and the book 
is, therefore, well suited for electrical engineers.” 

In the preface to the second edition, it is stated, that “opportunity has been 
taken to revise the text thoroughly; in one or two places the wording has been 
slightly altered for the sake of greater clearness, and some misprints have been 
corrected. 



480 


New Books 


** A few additions of some importance have also been made. In conformity 
with the elementary character of the book, the mathematical proofs of the con- 
nection between osmotic pressure and the other propcxties of solutions which 
can be made use of for molecular weight determinations were omitted from the 
first edition. The book has, however, been more largely used by advanced 
students than was anticipated, and at the request of several teachers the proofs 
in question have now been inserted — as an appendix to Chapter V. The section 
dealing with the relationship between physical properties and chemical constitu- 
tion has been rendered more complete by the insertion of brief accounts of ab- 
sorption spectra and of viscosity. ** 

This elementary text-book is developed more from the descriptive stand- 
point than otherwise. Laws are stated and numerical examples are given, 
without attempting to develop these principles into a system, making them follow 
one another as the most logical step to take in going forward. This, however, 
is too rigid a requirement for an elementary text-book, since no physical chem- 
istry published really attempts a complete logical classification and treatment. 
They arc all made up of isolated chapters more or less. 

Specifically, one or two points might be noticed. The paragraph on colloids 
is too short to be of any value. The dissociation theory might better have been 
treated under the treatment of osmotic pressure. A number of statements 
imply more than can be proven. For instance, the statement, p. 259, concerning 
the liberation of the sulphate ion at a copper electrode goes much too far. Ex- 
ception might be made to the statement that indicators arc all acids. The 
quinonoid theory is not discussed. 

The book, however, aside from these minor details, is good, for an elementary 
text. In the absence of one written on the wider basis of logical classification 
and treatment of the subject as a whole, this little book fills an important place. 

C. W. Benv^ti 

Die Kristallgruppen nebst ihren Beziehungen zu den Raumgittern. By E . 

Sommcrfeldt. 25 X t 6 cm, pp. vit -|- 79. Dresden: Theodor Sieinkopff, lyu. 
Price, 5 marks . — This is an attempt to give in condensed form an outline of the 
‘‘space lattice” theory of crystal structure as developed by Bravais and more 
recently by Sohneke. In the effort to make the explanation as plain and simple 
as possible many of the further developments are omitted and the text is 
copiously illustrated with 14 stereoscopic photographs and 50 figures. This is 
the least technical discussion of the subject so far published in book form. 

The two pages given to the explanation of Miller’s indices are divided 
between an attempt to give the direct conception as projection values and the 
old method of ” cutting distance ” reciprocals. The ” rhombohedral axes ” are 
fortunately omitted although the trigonal structure is ranked with the six sys- 
tems. Much of the significance of the space lattice is missed by merely de- 
scribing the simple forms connected with each arrangement and not deriving 
them from the different “sheets of particles” possible when different directions 
through the lattice are selected. The line of thought, especially in the second 
part on lower classes of symmetry, becomes increasingly difficult to follow with- 
out a well- trained space imagination. D, T, Wilber 



THE vSIGNIFiCANCE OF THE REEATIONvSHIP BE- 
TWEEN MOLECULAR COHEvSION AND THE PROD- 
UCT OF THE MOLECULAR WEIGHT AND THE 
numbp:r of valencp:vS 

BY ABBHKT l\ MATHEWS 

III the preceding papers* of this series I have shown that 
the value of “a’’ of van der Waals, representing molecular 
cohesion, or the value M^K which is the factor “a’' for a 
single molecule, is proportional to the two-thirds power of the 
product of the molecular weight by the number of valences 
of the molecule. M'^K was found to be equal, when expressed 
in absolute units, to 2.9S X io‘^^ (Mol. Wt. X No. of Val.)^^^ 

111 this paper I shall discuss the theoretical bearing of the 
rclatiouvship of cohesion to these molecular properties. 

Attempts have been made by others to correlate cohesion, 
or '‘a,” with molecular weight and the number of valences, 
but with very partial success. Sutherland^ at first supposed 
the molecular attraction to be proportional to the product 
of the gravitational masses of the molecules. This he found 
would not do, and in his later papers he stated that the gravita- 
tional mass of a molecule did not enter into the expression 
“a.” Aniagat,'* also, recently revived the idea that gravita- 
tional mass plays a role in cohesion and suggested that a/V" 
ought to be proportional to the scpiare of the molecular mass. 
This, however, he did not find to be the case. Leduc"* has 
recently confirmed, in part, this view of Amagat s for gases of 
similar molecular composition, when taken under the same 
volume and at corresponding temperatures. Kleenian,"’ also 
has tried to find a relationship between “a” and gravita- 

‘ Mathews: Jour. Phys. Chem., 17, 154 (1913). 

2 Sutherland: Phil. Mag., [5] 27, 305 (1889), [6J 4, 632 (1902). 

® Amagat: ‘‘Pression interne des fluides,’* Journal de Physique, [4] 8, 
617 (1909). 

* Teduc: Compies rendus, 153, 179 (1911). 

* Kleeman: Phil. Mag., [6] 19, 783, 840-847 (1910). 



482 


Albert P. Mathews 


tional mass, and states that the cohesive attraction of two 
molecules is proportional to the product of the two sums of 
the square roots of the atomic weights of the atoms of the 
molecules. This relationship, however, is of very limited 
applicability, if indeed, it correctly expresses the cohesion of 
any. . 

As regards valence, I can find but one other suggestion, 
that of Sutherland.* He showed that the number of equiva- 
lents, or valences, in simple substances, such as sodium 
chloride, influenced the value of their cohesion. He was 
unable to establish this relationship for more complex bodies. 
Nevertheless he assumed that it existed in them and correctly 
surmised from it the relationship between cohesion and 
chemical affinity, and adduced it as evidence of the electro- 
static or magnetic nature of cohesion, “a” was made pro- 
portional to the square root of the valence. 

The relationship between cohesion and the properties of 
molecular weight and the number of valences can be inter- 
preted best by Sir J. J. Thomson’s theory of the electrical 
constitution of matter and valence, and, so far as I can see, 
on no other hypothesis. It speaks, therefore, for the electro- 
static, or electro-magnetic theory of cohesion, and, in my 
opinion, for the latter. 

The relation, M“K == (/) Vaf'’'VMol. Wt.*'’'®, seems at first 
peculiar. It is odd that the valence of an atom should be of 
as^much importance in cohesion as the weight of the atom; 
it is a relationship which one would not have anticipated. 
The significance of this fact, if I am not mistaken, is that the 
electron couples constituting the molecules are of two kinds, 
namely, those of the atoms themselves, which added together 
presumably give tlie molecular weight; and the valence elec- 
trons, which differ from the others so that they cannot be 
added to them. Hence the formula is not M*K = (/) (Wt. -h 
Val.), the cohesion being proportional to the sum; but the 
mass of cohesion is proportional to the cube root of each of 

* Sutherland: Phil. Mag., [6] 4, 632 (1902). 
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these kinds of electrons and so is proportional to the cube root 
of their product. The valence electrons are probably more 
labile, more easily removed and replaced. They have a 
different degree of liberty and they cannot be sumtned with 
the atomic. 

The formula thus confirms the correctness of Drude’s 
promise that the electrons of the valences differ in their 
properties from the electrons of the atoms. He concluded 
that only the valence electrons would be sufficiently free to 
vibrate synchronously with light and hence these electrons 
must be particularly concerned in the refraction and dis- 
persion of light. Drude’s’ suggestion of electrons of different 
degrees of liberty confirmed, as it was, by experiments show- 
ing a relation between valence and dispersion, is thus con- 
firmed also from the wholly diflerent field of cohesion. 

A still more interesting conclusion may be drawn from 
this relationship, namely, that a neutral, uncharged atom 
having no valence will have no cohesion. Since it will have 
no chemical afliiiity either, if chemical alTinity is, as it ap- 
pears to be, of an electrical nature, it is thus seen that a close 
relation must exist between chemical affinity and cohesion. 
Such neutral atoms will prevsuniably still have gravitational 
attraction. A free electrical charge on the atom is, therefore, 
necessary for cohesion, but not for gravitation. Furthermore, 
the cohesioiial effect is the same whether the charge be positive 
or negative; and it is propc^tional to the number of charges. 
The formula shows, also, that the effect of a free charge on any 
atom is proportional to the weight of the atom; that is, the 
effect of the valence charge is multiplied, as it were, by the 
number of electron couples in the atom; and the effect of the 
total number of valence charges in the molecule is multiplied 
by the whole number of atomic electron couples in the mole- 
cule. Just how such an effect could be produced, and why the 
attraction, or cohesive mass, should ultimately prove to be 
proportional to a linear function (the cube root) of the product 

^ Drude: Annalen der Physik., [4] 14, 677 (1904). 
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of the number of valences by the molecular weight, I do not 
see. 

It appears, then, that refraction, dispersion and cohesion 
all involve the valence electrons, but the connection between 
cohesion and valence is far closer and simpler than the other 
relationships appear to be. The relationship of valence to 
light is necessarily - a less direct one, refraction depending 
on the rate of vibration of the electron. It is said* that if the 
natural period of the molecule (electron) is .slightly less than 
the frequency of a light wave the light •will be accelerated; 
if greater, retarded. It is evident that in dispersion other 
properties of the electrons than number come into play, and, 
hence, the relationship between dispersion and number is 
not so simple and direct Double bonds, neighboring groups, 
etc., influence the periods of the electrons and .so influence the 
dispersive power; whereas these factors appear to play no 
important part in cohesion. 

The relation between the refraction of light of one w^ave 
length and the valence number is still less direct than be- 
tween dispersion and valence, but still a general relation 
exists which for substances of the same type is rather uniform, 
as shown by Traube* for many liquids and by Cuthbertson® 
for several gases. 

Another very interesting fact correlating the refractive and 
cohesive properties of matter is the resemblance between the 
constant “K” of the Ketteler dispersion formula and the 
value M*K of cohesion. Thus with the Ketteler formula 
rP = a^ — K P 1- D PJ(P — X\) the constant “K,” Drude 
found, could be computed with a fair approximation, in some 
cases at any rate, from the sum of the valences, the molecular 
weight and the density, and this result was confirmed by 
Erfle.* This constant “K,” therefore, contains at least 

' Cotter, J. R.; ''Dispersion,*' Encyclo. Brit., iith edition, 8, 317. 

* Traube: Ber. chem. Ges. Berlin, 40, 130 (1907). 

® Cuthbertson* Proc. Roy. Soc., 83A (1909-1910); Phil. Mag., [6] 21, 69 
(1911); Phil. Trans., 204, 323 (1905); 207, 135 (1907). 

♦ Erfle: “Optische Eigenschaften und Elektronen Theorie.** Annalen der 
Physik, [4I 24 (1907). 
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sometimes the same factors as the value a/V* of van der 
Waals’ equation. I have not, however, attempted to estab- 
lish any closer connection between them.^ 

We conclude, therefore, that while cohesion and re- 
fractivity are both dependent on a common factor, namely 
the valence electrons, and possibly upon the molecular weight, 
the connection between them is not direct, but indirect; 
and while cohesion and refraction, or dispersion, often parallel 
each other, they, at otlier times, diverge considerably since 
other factors enter into refraction. 

It is not without interest to recall as an example of the 
perspicacity of genius, that Laplace^ long ago foretold a con- 
nection between these properties. Writing in 1805 of the 
formula of capillarity which, as will be remembered, con- 
tained two terms, one K, representing molecular cohesion, 
or van der Waals’ expression a/v^\ the other, H, the capillary 
constant, Laplace says (p. 351): “I saw that this action 
(pressure) is smaller or larger than if the surface is plane; 
smaller, if the surface is concave; larger, if it is convex. Its 
analytical expression is composed of two terms: the first 
(K), much larger than the second, expresses the action of the 
mass terminated by a plane surface; and I think from this 
term depends the suspension of mercury in a barometer tube 
at a height two to three times greater than that due to 
atmospheric pressure, the refractive powers of diaphanous 
bodies, the cohesion, and in general, chemical affinity; the 
second term expresses the part of the action due to the spheri- 
city of the surface.” And again (p. 362): “The function, K, 
is analogous to that I have designated by the same letter in 
the refraction of light.'' 

But of even greater interest and more fundamental 
importance than the relation between the optical and the 
cohesive properties, which is now understandable since both 

* Sec also Natanson: Bull, de l^Acad. des Sci. dc Cracovic, 1907, April 
p. 316 for the relation of refraction and valence. 

^ Laplace: Stir Taction capillaire. Oeuvres. Supp. Liv. X, Traite dc 
Mecanique C<?leste, p. 351. 
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involve the number of valence electrons, is the relation be- 
tween the magnetic and cohesive properties, since here we 
touch, I think, the very kernel of the problem of the nature 
of cohesion. 

The connection between the magnetic properties and 
cohesion is brought out very clearly, in an empirical way. 
by PavScal’s' investigations on the relation between magnetic 
susceptibility and the molecular properties. In a series of 
papers Pascal has shown that there is a remarkable con- 
nection between the specific susceptibility of diamagnetic 
elements and the atomic weights and valences. Thus if 
elements of the same family having tlie same valence are 
arranged in their order of increasing specific susceptibility, 
they are in the order of their atomic weights; and, on the 
other hand, a close dependence on valence may be observed. 
In elements of nearly the same w’^eight but of different valence 
numbers, the atomic magnetic susceptibility, increases 
with the number of valences. An empirical relationship 
was found between them, == where a is 

about 2.1, /? about 0.004 and a the atomic weight, a and /V 
depend only on valence. But here, also, double bonds made 
their effect felt, though less pronouncedly than in refraction. 
Double bonded molecules have, in general, a lower molecular 
susceptibility than that calculated. Other effects of molecular 
form are seen; for example, the benzene nucleus augments 
the diamagnetivSin, although the double bonds it is supposed 
to contain should have an opposite effect. The factor of 
molecular structure appears, then, to influence diamagnetism. 
On the whole, however, calculation of the number of valences 
in the molecule by this procedure agrees better with the calcu- 
lation from the cohesion, than does the calculation from the 
refractivity or dispersion. Thus, double bonds are of less 
action on the diamagnetism and in the benzene nucleus they 

* Pascal : “vSiir un mode de eontr 61 e opt ique dcs analyses magnet ochiniiqucs, ’ ’ 
Comptes rendus, 152, 1852 (1911). Recherches magn^to-ehimiques sur la struc- 
ture atomique des halogenes,” Comptes rendus, 152, 826 (1911). Ann. Chhn. 
Phys., [8] 19, 1-80 (1910). 
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appear to exert no eflFect. By this method, as by the cohesional, 
all organic chlorine compounds examined were found to have 
trivalent chlorine and fluorine was monovalent. The agree- 
ment was good in regard to other elements also. 

The connection between cohesion and diamagnetism is, 
therefore, again an indirect one. Both involve the molecular 
weight and the number of valences, but it is clear that cohesion 
is independent of molecular form, or very largely so; whereas 
whether a substance is magnetic, or diamagnetic, may depend, 
in part upon this very factor. Oxygen in an elemental form, 
is paramagnetic, not diamagnetic, and is quite anomalous in 
Pascal’s scheme; whereas the cohesion of oxygen is not anomal- 
ous. In other words, whether a body is, as a whole, para- 
magnetic or diamagnetic, and to what degree, depends, prob- 
ably, on the possibility of the orientation of the molecules, 
their polarity, etc., factors which do not seem to affect their 
cohesion or gravitation. Nevertheless cohesion and magnetic 
properties are, no doubt, closely related, since both depend 
on the same molecular properties, only magnetism involves 
still other properties, (form) not involved in cohesion. 

The fact that cohesion is thus determined by the number 
of electron couples (atomic and valence) in the molecule 
plainly points toward the conclusion that cohesion is either 
electro static or electro-magnetic in nature. Both of these 
possibilities have already been suggested. vSutherland,^ from 
his discovery of the relation of cohesion to valence in salts, 
inferred at first that the cohesion must be of an electromagnetic 
nature. He supposed these rotating electron couples acted 
like little magnets, and he attempted to show, though whether 
successfully, or not, I am unable to judge, that small magnets, 
at sufficient distances apart, would attract inversely as the 
fourth power of the distance between them, and this he sup- 
posed to be the law of molecular attraction. This conclusion 
was attacked by van der Waals, Jr.,'** who concluded, also 

' Sutherland: Phil. Maj?., [6] 19, 1 (1910); 4, 625 (1902). 

“ Van der Waals, Jr : Kon Akad v. Welensch. le Amsterdam, Pro' 
ceedings, ii, 132 (1908-1909). 
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from mathematical reasoning, that the attraction between 
such magnets would be inversely as the 7th or 9th power of 
the distance, and thus agree with the assumptions of his father, 
that molecular attraction diminished at such a rate that it 
was effective only when the molecules were in contact. Later, 
Sutherland* concluded that cohesional attraction was due to 
electrostatic affinity of these electron couples. Lodge^ made 
a similar suggestion. He thought some of the lines of force 
between the atoms wandered outside the molecule to atoms of 
other molecules and thus produced molecular cohesion. This 
would make molecular cohesion of the same nature as chemical 
affinity. While the relation between the tw'o is close, both 
being zero in the absence of an electric charge, or valence, 
one is not causally dependent on the other, although both 
depend on the valences. The attraction between the atoms 
is probably of an electrostatic kind and, if so, should vary 
inversely as the square of the distance. The atomic weight 
does not appear to play a part in chemical affinity, for very 
light elements may enter into very firm union. In cohesion, 
molecular weight does play a large part; and while it is not 
impossible that the cohesional attraction may be inversely 
as the square of the distance, it is not probable, or at any 
rate it has not yet been proved to general satisfaction. 

It seems much more probable to me that cohesion is more 
closely related to magnetism than to electrostatic affinity 
and I would raise the question whether magnetism is anything 
else than molecular cohesion made apparent at distances 
more than molecular. Is it not possible that molecular cohe- 
sion, involving as it does both atomic and valence electrons 
(atomic weight and valence) is due, perhaps, to the magnetic 
effects produced by the movements of these electron couples? 
In this view the atoms would be united by their electro- 
static affinities and these same valences and the other atomic 
electrons by their magnetic effects produce the molecular 

^ Sutherland: Phil. Mag., [6] 17, «')67 (1909). 

* Lodge: Nature, 70, 176 (1904). 
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cohesion. I may state briefly some of the reasons which ap- 
pear to lead to such a conclusion. 

In the first place we have the surprising fact that the 
field of cohesion of a molecule is apparently delimited by 
the surrounding molecules. The evidence for this, while 
perhaps not conclusive, is both direct and indirect. The 
reason for the shortness of the radius of action of cohCvSion is 
one of the most interesting questions of molecular physics. 
It is of interest to see how this question came to be generally 
considered closed and settled in favor of the view, now gener- 
ally accepted, that cohesional attraction diminishes with the 
distance at a rate far greater than gravitational attraction. 
It is chiefly due to Laplace. 

Laplace,' in his beautiful memoir on capillarity, first 
raised the ejuestion whether the short radius of attraction 
of the cohesive forces was due to the fact that matter shut 
off the attraction, or was due to the attraction diminishing 
with the distance at a rate far more rapid than gravitation. 

He says, when discussing Hawksbee’s well-known ex- 
periments proving that the height to which water rises in a 
glass tube is independent of the thickness of the wall of the 
tube: “ Hawksbee a observe que dans les tubes de verre, 
ou tres minces ou tres epais, Teau s’tdevait a la meme hauteur 
toutes les fois que les diamelres interieurs etaient les niemes. 
Les couches cylindriques du verre qui sont a une distance 
sensible de la surface interieure ne contribuent done point a 
rascension de Teau, quoique dans chacune d’elles, prise 
separement, ce fluide doive s’^lever au-dessus du niveau. 
Ce n est point rinterposition des couches qu’elles embrassent 
qui arrete leur action sur lean, car il csi natmel de pensef 
que les attractions capillaires se transmetteni h trovers les corps, 
ainsi que la pesanteur; ceite action nc disparait done qu'h raison 
de la distance du fluide a ces couches, d\)u il suit que ratiraction 
du verre sur Veau n'est sensible qu'h des distances insensiblcs/' 
I have italicized the end of Laplace’s statement to bring out 

'Laplace: ‘'Sur Tact ion capillairc. Oeuvres. 8upp an I jvre X,” Traile tie 
Mecanique Celeste, p. 351 ; see also p. 487. 



490 


Albert P. Mathews 


clearly the reason which led him to the conclusion that molecu- 
lar cohesion penetrated matter like gravitation, and that the 
attraction must, hence, decrease very rapidly with the dis- 
tance. It will be seen that the sole reason for his decision 
was the possible analogy between gravitation and molecular 
cohesion. 

The very important result of the rejection by Laplace 
of the possibility of cohesive attraction not penetrating matter 
was that it forced him to the conclusion that the cohesive 
force must diminish far more rapidly than gravitation as the 
distance increases. Laplace did not make any assumption 
as to the rate at which the cohesional attraction diminished 
with the distance, except that it was at so rapid a rate that 
the cohesion became negligible within all measurable dis- 
tances. 

The great English philosopher, Thomas Young,* who 
a year before Laplace had shown the true nature of surface 
tension and practically anticipated all of I<aplace’s main 
conclusions, does not appear to have raised the question in 
a concrete form. His papers on capillarity are so condensed 
that the reasoning is very difficult to follow.* 

But while Young nowhere specifically puts the question 
whether the cohesional attraction penetrates matter, he 
made an assumption which might be taken to indicate that 
it does not. “We may suppose,” he says (p. 43), “the parti- 
cles of liquids, and probably those of solids also, to possess 
that power of repulsion which has been demonstratively 
shown by Newton to exist in aeriform fluids, and which varies 
as the simple inverse ratio of the distance of the particles 
from each other. In air and vapors this force appears to act 

* Young. '‘An Essay on the Cohesion of Fluids," Phil. Trans., 1805 
(collected works, edited by O. Peacock, i, 418 (1855), London). 

* A propos of this paper of Young’s, Clerk Maxwell makes an interesting 
comment. He says: "His [Young's] essay contains the solution of a great 
number of cases including most of those afterwards solved by Laplace; but his 
methods of demonstration, though always correct and often extremely elegant, 
are sometimes rendered obscure by his scrupulous avoidance of mathematical 
symbols." Ency. Brit., Article, "Capillarity." 
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uncontrolled; but in liquids it is overcome by a cohesive force, 
while the particles still retain a power of moving freely in all 
directions; and in solids the same cohesion is accompanied 
by a stronger or weaker resistance to all lateral motion, which 
is perfectly independent of the cohesive force and which must 
be cautiously distinguished ’from it.” '‘It is sufficient to 
suppose the force of cohesion nearly or perfectly constant in its 
magnitude throughout the minute distance to which it extends, 
and owing its apparent diversity to the contrary action of 
the repulsive force, which varies^with the distance. Now, 
in the internal parts of a liquid, these forces hold each other 
in a perfect equilibrium, the particles being brought so near 
that the repulsion becomes precisely equal to the cohesive 
force that urges them together,” etc. 

Young thus assumed that the cohesion extended but 
a short distance, with slight variation in intensity and that 
it then ended abruptly. So far as I can find, he made no 
suggestion how it came to end abruptly; but if it be assumed 
that it does not penetrate matter, it is seen that it must end 
abruptly at the next layer of molecules. Young tried to esti- 
mate how far the cohesive force really extended, and found a 
value surprisingly near the order of magnitude of that now 
known to be the distance apart of the centers of two molecules. 
His reasoning on this point is extremely ingenious, and is 
interest as the first estimate of molecular dimensions. 

Lord Rayleigh' says anent this computation of Young’s; 
‘‘One of the most remarkable features of Young’s treatise is 
his estimate of the range "a" of the attractive force on the 
basis of the relation T = Never once have I seen it 

alluded to, and it is, I believe, generally supposed that the 
first attempt of this kind is not more than twenty years old. 
It detracts nothing from the merit of this wonderful specu- 
lation that a more precise calculation does not verify the 
numerical coefficient in Young’s equation. The point is 

^ Rayleigh ; “On the Theory of Surface Forces,” Phil. Mag., [5] 30, 285 29S, 
456-475 {1890). Collected papers, 3, 396. 
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that the range of the cohesive forces is necessarily of the 
order T/K.” T is the surface tension and K the internal 
pressure. Lord Rayleigh, in his revision of Maxwell’s classical 
account of capillarity in the new edition of the Encyclopaedia 
Britannica and in his many splendid writings on this subject, 
does not seem to have considered this question. All other 
writers whom I have consulted seem to have followed Laplace’s 
lead and assumed, without evidence, that cohesion does 
penetrate matter like gravitation. 

Thus, Gauss, ^ who introduced clear ideas of surface 
energy and the potential energy of fluids, wTites as follows 
in 1830: “The ordinary attraction which is proportional 
to the square of the distance, and which permits the repre> 
sentation of all motions in the heavens with such good agree- 
ment, can be used in the explanation neither of capillary 
phenomena nor of adhesion and cohesion; a correctly carried 
out computation shows ‘dass eine nach diesem Gesetze wirk- 
ende Anziehung eines beliebigen Korpers der zur Ausfiihrung 
von Experimenten geeignet ist, d. h., dessen Masse im Yer- 
gleich mit der der Erde vernachlassigt werden kann, auf 
einem beliebig gelegenen, sogar den Korjx?r bertihrenden 
Punkt, im Vergleich mit der Schwere verschwinden muss. 
Wir schliessen hieraus dass jenes Anziehungsgesetz in den 
kleinsten Abstandeii mit der Wahrheit nicht mehr iiberein- 
stinimt, sondern dass es eine Modification erfordert. ’ ’’ In 
other words, the particles of the body exert, besides the at- 
tractive force of gravitations, still another force which is notice- 
able only in the smallest distances. All appearances show 
uniformly that the second part of the attractive force (the 
molecular attraction) is not noticeable in the smallest meas- 
urable distances. On the other hand, in unmeasurably small 
distances it may greatly surpass the first, which is propor- 
tioned to the s(]uare of the distance. 

^ Oauys; “Allgcmcinc Orundlagcn ciiicr Thcoric dor Gestalt von Fltis- 
sigkeiten,” Ostwald’s “KUissiker der exakten Wissensehaften,” No. 135, p. i. 
“Comment ationes socieUitis Uegiae Seientiarium 0(‘)ttingensis Recentiores,” vii, 
1830. 
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It was necessary for him (p. 21), to make some assump- 
tions regarding the cohesional attraction which he represented 
as (r)y r being the radius of molecular action, and he 
accordingly adopted Laplace’s view that / (r) decreases far 
more rapidly than i/r^, which is the law of gravitational 
attraction (p. 22). He says, si)caking of cohesional attrac- 
tion, or / (r) : “Da dieser Ausdruck etwas unbestimmtes 
hat so lange wir nicht eine Rinheit zu (irunde legen, wollen 
wir vor alleni darauf aufmerksam inachen, dass wir die anzie- 
hende Kraft / (r), ausgednickt als eine Function des Abstandes 
r, mit einer Masse multipliziert deiikcn mussen, damit sic 
niit der Gravitation g in den Diinensionen ubereinstimnit. 
Der Sinn unscrer Voraussetzung ist dann der folgende : Hezeich- 
net M irgend eine Masse derart, wie sie uns in Experimenten 
vorkommt, namlich eine, die im Vergleich mit der ganzen 
Erde als verschwindend angesehen werden kaiin, dann muss 
M / (r) immer merklich sein im \>rgleich mit dcr Schwere, 
so lange r eitien unseren Messungen zuganglichen, wenn auch 
noch so kleinen Wert hat.’’ 

\"an der Waals, in all his earlier writings, including his 
famous essay on the continuity of the gaseous and lic|uid 
states published in 1869, assumed with Laplace that molec- 
ular cohesion was appreciable only very close to the molecule ; 
indeed, the radius of action was less than the mean distance 
apart of the molecnilar centers. T have not been able to find 
in his essays any specific discussion of the question whether 
cohesional attraction penetrates matter, although he docs 
discuss the radius of attraction of a molecule.^ His general 
assumption was that the cohesion diminished very rapidly 
as the molecules separated. In one brief communication to 
the Amsterdam Academy of Sciences (1803 94, pp. 20-21) 1 k‘ 
states that he had derived a potential function, that is, a 
function expressing the potential energy of attraction of two 


^ Van der Waals: “Bijdrage lot de Kennis van dc Wet dcr Ovcrcenstcni- 
mende Toestanden,” Verhandclingcn Konik AVad. van WeUenschappcti, 21, 5 
(1881). 
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molecules, of the form — / ' \ as the ixitential of two mass 

r 

points; and he goes on to say that this formula was based on 
two assumptions, namely that the attraction of two molecules 
is inversely as the square of the distance, and second, that the 
universal medium absorbs the lines of force. He thus assumes 
an absorption by the ether of the attraction, rather than by a 
molecule at a distance “r.” In his paper published in 1903, 
in which the real molecular volume, the value of “b," is no 
longer considered constant and in which he has revised his 
formula for the isotherm in so important a manner, he does 
not specifically reraise the question of the penetration of 
matter by the cohesive attraction. 

In a succession of papers like those of van der Waals’ 
which represent a progressive succession of ideas, mutually 
conflicting ideas may, not unnaturally, be found. Thus, in 
his paper on the thermodynamic potential and capillarity,' 
a limiting intermediate layer of rapidly changing density is 
supposed to exist between the saturated vapor and the liquid, 
and the existence of such a layer w'ould seem to the writer 
to presuppose that the radius of attraction at least in this 
layer must be several molecular diameters. 

On the other hand, the following statement^ (p. 12 1) is 
not entirely reconcilable with this view, and would be so 
only if the layers of which he speaks are at least equal in 
thickness to the distance the cohesive force extends. He 
supposes the cohesive pressure to be exerted only by the 
surface layer, but he states that exactly the same formulas 
are obtained if the fluid be considered to be made up of a series 
of layers of molecular dimensions. “If we consider the gas in a 
cylindrical vessel of constant area and divided into horizontal 
layers, the lowest attracts the next higher,” etc. The sum of 
all partial amounts of work will be the same as if one considered 

’ Van der Waals “Theorie thermodynamique de la Capillarity,” Archives 
Nyerlandaises des Sciences exactes et natuiclles, 38, 121 (1895). 

’ Van der Waals; ‘‘UicContinuitatdesgasfdrmigcnu. flflssigenZustandes,” 
Leipzig, p. 126 (1899). 



Relationship between Molecular Cohesion 


495 


only the attraction of the upix;r layer and the distance as that 
through which this layer would have been moved. It seems 
to me that, for this reasoning to be correct, we must assume 
the layers at least as thick as the radius of action of each layer 
of molecules. If these layers arc of molecular diameters, it 
would seem that the cohesive force does not extend farther 
than a molecular diameter. This is not apparently con- 
sistent with the assumption elsewhere made to explain the 
transitional layer between vapor and liquid. 

Plateau also followed Laplace. Sutherland, in his many 
papers on molecular cohesion, assumes that the cohesional 
attraction is inversely as the fourth power of the distance, but 
he does not, so far as I can find, discuss the question of the 
jienetration of matter by cohesional attraction. But it is 
impossible for cohesion to vary inversely as the fourth power, 
if cohesion penetrates matter. 

Kleeman' supposes that the attraction must be in- 
versely as the 5th or some higher power of the distance. He 
has pointed out that cohesion cannot possibly be assumed to 
vary like gravitation inversely with the square of the distance, 
because the cohesional attraction is so much greater than 
gravitation. But Mills weakened the force of this objection, 
which he had overlooked in his early papers, by making the 
additional postulate that cohesion does not penetrate matter. 
For if it be assumed that the cohesion does not penetrate 
matter then only the layer of superficial molecules of two 
masses would attract each other; and the number of these is 
so small, compared to the whole number of molecules in the 
mass, that the cohesional attraction would be less perceptible 
at sensible distances than gravitational attraction. 

I have been unable, then, to find any evidence for the 
assumption so generally made that cohesive attraction pene- 
trates matter like gravitation. There is no direct evidence, 
therefore, so far as I can find, against the inference necessitated 

^ Kleeman: “An Investigation of the Determination of the Law of Chemical 
Attraction between Atoms from Physical Data,” Phil. Mag., [6] 21, 83 (1911). 
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by the square or fourth power law of attraction, that cohesion 
does not penetrate matter. 

There is, on tlie other hand, some evidence of a direct kind 
that cohesional attraction extends only as far as the nearest 
molecules. This evidence is the length of the radius of action 
as determined by direct measurement, and Einstein’s proof 
that the radius of action varies with the distance apart of the 
molecular centers. 

Laplace believed that the radius of action, although 
short, nevertheless extended many molecular diameters and 
this opinion prevailed until recently, but as means of measure- 
ment have improved the radius has shrunk. Quincke gave an 
estimate of about 6 X lo** cm, but the most recent deter- 
minations of Johannot,' and Chamberlain’’ show it to be 
about 1.6-2 X cm in a soap film and in the case of glass. 
The diameter of a molecule of trioleate of glycerine, according 
to Perrin,” is i .i X lo"’ cm. The radius of action is certainly 
not more than two molecular diameters and indeed is hardly 
more than one. The average distance between the centers 
of two molecules of ether in the liquid state at 20° is about 
5.5 X 10-® cm. 

But not only has direct measurement shown the radius 
of action to be one or two molecular diameters, but com- 
putations of it by Kleeman make it very close to this. For 
example, in ether Kleeman^ computed the radius to be about 
3.4 X lO'" cm which is about the distance when tlie mole- 
cules arc in contact. Van der Waals supiiosed it, indeed, to 
be only as long as this. Recently Einstein® has made a very 
interesting computation starting from the law of Eotvos, by 
which he shows, from thermodynamic reasoning, that the 

‘ Johamidt Phil Mag , [5] 47, 501 (1899). 

- Chamlx'rlain Phy.s Rev., 31, 170 (1910). 

“ Devaux Journal de Physique, l,s| 2, 699 (1912). 

* Kleeman “On the Radius of the Sphere of Action,” Phil. Mag., [6] 19, 
840 (1910). 

* Einstein- “BcinerkungzudemOcsetzvonEdtvds,” Annalcn derPhysik., 
[4I 34* 165 (1911). 
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range of cohesive action must be of the general value of, 
and proj)ortional to, the distance between the molecular 
centers. This distance is of the order of magnitude in most 
li([uids of ur** cm. This residt is so surprising that Einstein 
says of it: “This result apj:x?ars at first very unlikely, for 
what should the radius of action of a molecule have to do with 
the distance between neighboring molecules? The supposi- 
tion is only reastmable in case the neighboring molecules alone 
attract each other, but not those farther removed.'’ 

Sutherland^ also came to the conclusion that the radius of 
action was about equal to v '\ We see then, that the evi- 
dence points to the conclusion that the radius of action of 
the molecular forces agrees very closely with v'^'\ the distance 
between the molecular centers, and varies directly with 
The only explanation of this fact appears to me to be that the 
attraction does not extend beyond neighboring molecules 
and, hence, must, in some way, be stopped by them. 

Mills^ alone, so far as I can find, has reopened the question 
whether the field is delimited by the surrounding molecules. 
Concluding, I believe erroneously, from an empirical law, 
that the attraction between molecules must vary inversely 
as the sejuare of the distance, he was driven to the second 
c()nclusi(m that if this were the case the cohesion could not 
penetrate matter. He assumed, hence, that the surrounding 
molecules absorbed, or neutralized, the lines of cohesive force. 
The direct evidence and Einstein's reasoning leaves little 
doubt that the radius varies with the distance apart of the 
molecides and the only possible conclusion from this is that 
the surrounding molecules delimit the field as Mills supposes. 

If it is a fact that the surrounding molecules delimit the 
field as the evidence indicates, cohesion is allied at once with 
magnetism, for this is the very supposition which Ewing 
made to explain some of the phenomena of magnetism. Each 
molecule of a ferromagnetic substance is supposed to be a 

‘ Sutherland: Phil. Mag., [6] 4, 632, 636 (1902), 

* Mills: Jour. Phys. Chem., 15, 417 (191 1 )* 
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magnet. In the non-magnetic .state the magnetism of each 
molecule is supposed to be neutralized by the surrounding 
molecules, which have their magnetic axes variously directed. 
The magnetic field is thus limited to a single molecular diam- 
eter and will vary with the distance apart of the molecules. 
The magnetic field of each molecule is delimited by the sur- 
rounding molecules. If, however, these molecules are 
oriented, either by acting on each other, or by external forces, 
then the magnetic fields coincide and the magnetism may be 
perceived extending outward from the mass. In other 
words, to explain why magnetism does not persist in soft iron 
and to account for magnetic hysteresis, Kwing has made 
exactly the same assumption which has been made to explain 
why cohesion does not extend beyond molecidar distances. 

It seems to me not impossible that magnetism is the 
cohesive attraction of a molecule. If the molecule is of such 
a nature, or shape, that the total effect of the little magnets, 
its electron couples, coincide more or less completely so that 
the molecule has a polarity, and the molecules can be oriented 
in any way and held in position, we have the ferro and para- 
magnetic substances. If the molecules have many poles, so 
that there is no polarity of the molecules as a whole, there is a 
diamagnetic substance. The magnetic field of each molecule 
would be its cohesive field. 

The recent work of Cotton and Mouton* on the orienta- 
tion of molecules in the magnetic field seems to me to bear out 
such an interpretation. The work of Weiss* and Langevin* 
appears to point in the same <lirection, but Weiss, who has 
considered the possibility of the identity of cohesion and 
magnetism, states that he will shortly show that they can not 
be identical. Nevertheless it appears to me not impossible 
that magnetism is simply a special case of cohesion, and if 
this is true the rotation of the plane of polarized light by op- 
tically active substances would be easily understood. 

* Cotton and Mimton Journal de Physique, [5] 1, 40 (1911). 

» Weiss. Journal de Physique, [5] i, 900 (1911): [4] 6, 661 (1907). 

’ Langevin: Ann. Chim. Phys., 5, 70 (1905). 
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Filially, if it is true that the surrounding molecules de- 
limit the field of cohesion in any way whatever, and that 
only six molecules really take part in this delimitation, we can 
derive the value «/¥'■“ of van dcr Waals' at once and very 
simply. 

Suppo.se that each molecule has a certain mass of cohes- 
ion, M, and that two molecules attract each other directly 
as the product of their cohesive masses and inversely as the 
fourth power of the distance between their centers, then the 
attraction between two molecules would be M^K/V^’, where 
V is the space at the disposal of a single molecule. Since 
each molecule attracts only the one above, below and to each 
side, the pressure j)er septare centimeter of a double layer of 
molecules will be M'-K 7^' ‘ multiplied by the number of mole- 
cules in 1 sc|. cm or i v ', making M'*’K 'v'‘. Since the at- 
traction extends only a single molecular diameter, we may 
multiply both numerator and denominator by N*, where N 
is the number of molecules in the volume, V, and we obtain, 
N'M=K, N'd- - M=N'K \'' - n W M=K has already been 
shown to be 2.98 X 10 (Mol. Wt. X \'alences 

We have, as yet, no proof that only the six surrounding 
molectdes are attracted, although Sutherland' has made a 
similar supposition. But such may be the case nevertheless. 
Einstein, in his calculation, computed that each molecule 
could be considered as lying at the center of a cube and that 
it attracted the 26 other moleeules of the cube. Of course 
the fact that the value a/ V* may be so easily derived in this 
W'ay does not furnish any proof that the attraction is inversely 
as the fourth power of the distance. Rut I know of no other 
derivation of ti/V" which involves so few, or less radical, 
assumptions. 

The general conclusion of the paper is then, that cohesion, 

‘ Sutherland: Phil. Mag., [6| 17, 667 (1909). “The total potential 
energy of a number of like molecules is the same as if each caused its own domain 
to be uniformly electrized with an electric moment proportional to the linear 
dimensions of the domain, the direction of electrization being such that in general 
any molecule attracts its six immediate neighbors/' 
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being a function of molecular weight and valence, is a function 
of the number of electron couples of the valences and atoms, 
and is, hence, probably of a magnetic nature. Magnetic 
substances may be supposed to be substances in which, owing 
to the orientation of the molecules, or to their polarity, or 
botli these causes, the cohesive fields of the molecules are not 
delimited or neutralized by the surrounding molecules so that 
the cohesional attraction becomes apparent at more than 
molecular distances, and under such circumstances the sub- 
stance is said to be magnetic. 

University of Chicago 



THE THEORY OF EMULSIFICATION, V 

BY WILDER D. BANCROFT 

Mr. Charles E. Swett has called my attention to the 
fact that wool fat forms an emulsion with water in which 
the w'ater is present in drops.* “Although insoluble in 
water, wool wax possesses the remarkable property of absorb- 
ing larger quantities of water than any other wax. The 
emulsion it forms with w'ater has the appearance of a perfectly 
homogeneous mass. This wool wax can be mixed with as 
much as 8o percent of water. A mixture of neutral w'ax and 
water, containing about 22-25 percent of the latter, is sold 
in commerce under the name lanolin.” 

“ Owing to its property of forming an emulsion with water 
which will not separate into two layers even after several 
years standing, and to the ease with which it is absorbed by 
the skin, wool wax is used as a basis for ointments and cos- 
metics. The British Pharmacopoeia recognizes two prepara- 
tions, viz., Adeps lanae, i. e., pure wool wax, and Adeps lanae 
hydrosus, i. e., hydrous wool wax, better known under the 
trade name of lanolin.” 

I have not been able to find out whether other ointments 
containing water have the water as drops or not; but it seems 
probable that some do. Shoe blacking contains oil, water 
and other materials. It may, therefore, be considered as 
an emulsion; but I have not been able to find any statement 
as to the type and we have not yet had time to study it in the 
laboratory. 

Mr. Swett tells me that drops of water in oil can be 
obtained by the use of rosin. The directions are to dissolve 
rosin in mineral oil, using heat. When the mixture is cold, 
add water in small proportions and shake. As much as one 
hundred percent of water may very easily be taken up in this 
way. 

* Lewkowitsch: ''Chemical Technology and Analysis of Oils, Fats and 
Waxes,'' third edition, 2, 879, 883 (1904). 



502 


Wilder D. Bancroft 


Lime and alumina soaps are used in lubricating greases. 
The addition of water produces some rather surprising results. ‘ 
“Though the composition of these greases varies somewhat, 
most of them consist of a solution of lime soap (15-23 per- 
cent, and occasionally more) in a heavy mineral oil with the 
addition of a little water (sometimes as little as 0.5-0. 7 per- 
cent, but usually 1-4 percent). As secondary constituents 
we have small amounts of iinsaponified fatty oils, glycerol, 
free lime, free fatty acid, as well as substances added to mask 
the color, odor or fluorescence. In some greases there are 
also alkali soaps. For technical use these greases are usually^ 
manufactured by dissolving a previously prepared lime soap 
in mineral oil and mixing a small amount of water intimately 
with the resulting solution. It is only occasionally that these 
greases are prepared by dissolving a saponifiable oil in niitieral 
oil, saponifying with lime, and adding enough water so as 
to obtain, on stirring, the vaseline-like or lallow-likc consis- 
tence characteristic of lubricating greases. 

“The lubricating greases offer a series of interesting prob- 
lems in physical chemistry, which have not yet been studied 
from a scientific view-point. Among these problems are; 
the determination of the factors giving rise to the peculiar 
consistency; the determination of the reason why the greases 
often break up spontaneously into a thin, oily, portion and a 
solid portion; and the explanation of the part played by the 
addition of water.” 

“ No clear understanding has yet been reached in scientific 
or technical circles in regard to the relation between the 
amount of water and the properties of the lubricating greases. 
Among technical men the belief is prevalent that the water 
combines with the soap to form a compound analogous to 
salts with water of crystallization. This erroneous assump- 
tion is also often made in regard to the alkali soaps. Observa- 
tion shows that the water is usually present in a state of very 
fine mechanical subdivision. This much is certain, that a 

^ Holder Zeit. Kolloidchcmic, 3, 270 (1908). 
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certain amount of water is necessary in the grease to produce a 
satisfactory permanency, since all the greases that do not 
contain water soon become clearly inhomogeneous. As the 
technical men say, they let go of the oil. 

“Some experiments were made on the relation between 
the amount of water and the resulting consistency and trans- 
parency of the greases. A 22 percent viscous solution of a 
rape-seed oil lime soap was made by heating twenty-five 
parts of rape-seed oil with 2.13 parts slaked lime to 220°- 
240°, in a heavy Russian mineral oil. At room temperature, 
this solution would drij) from a glass rod. On adding 1-2 
percent water, the liquid mass became like a salve as soon as 
the water was distributed as a fine solution through the oily 
mass. On the other hand, a solution of lime .soap in oil 
remained unchanged in consistency when rubbed in a mortar 
without water. In contradistinction to the clear water-free 
solution of the soap, the emulsion was distinctly cloudy and 
only began to drop at 70° in Ubbelohde's apparatus. . .. 
After dropping, the very fine emulsion was found to have 
cracked .... 

“Changes in consistency, like that described, have been 
noticed by K. Beck' in a study of ennilsions of gum arabic 
solutions with castor oil. The viscosity increased very much. 
A characteristic sign of the moment of maximum formation 
is a peculiar crackling of the rubbed mass. The increase 
of the viscosity as the mass changes from an oil to an oint- 
ment is probably due to surface forces which only become 
important when the water particles are distributed as very 
fine drops through the oil, since the water, before that, moved 
through the oil without hindrance under the influence of 
gravity. The dripping at higher temperatures can be ac- 
counted for on the ground that a higher temperature works 
against the surface forces and tends to destroy the emulsion. 
The salve-like consistency is obtained only when the water 
is distributed in microscopic particles through the grease. 

* Zeit. phy.s. Chcm., 58, 409 (1907)- 



504 


Wilder D. Bancroft 


So long as one can see droplets, tlie conditions are lacking for 
producing the consistency of a salve. 

“The degree of clouding stands in a definite relation 
to the water content in the case of many greases. In one 
case, for instance, the mercury bulb of the thermometer in the 
Ubbelohde apparatus was distinctly visible when the cylin- 
drical glass vessel was filled with a grease containing one per- 
cent water while it could scarcely be seen when the grease 
contained two percent water. On raising the temperature the 
transparency increases, especially in the neighborhood of the 
drip-point. This is evidently connected with the decreased 
stability of the emulsion. 

“After standing a while, there is often a surprising in- 
crease along the edges of a grease which has been clouded 
by addition of water. Very often there .separates, at these* 
points, a small amenint of a clear oil containing dissolved lime 
soap. This is probably due to the evaporation of water from 
the surface of the grease exposed to the air, because the pres- 
ence of water is essential to the maintenance of tlie emulsion 
with soap and oil. 

“ If the amount of water is increased too much, the greases 
of this type become too cloudy and the viscosity decrea.ses. 
This is the reason why a water content of seven percent is 
rarely exceeded. 1'he amount of oil has an efl'ect on the 
consistency which coidd .scarcely be predicted. If one dilutes 
a stiff grease witli oil so as to make a less stiff one, which does 
not adhere to the mortar and pestle for instance, the drip- 
point is not lowered appreciably but drops begin to form 30” 
to 40° lower than before. Similar large differences between 
the first foi mation of drops and the' drip-point are also to be 
noticed with .such greases as have been made with too thin 
oil or with a heavier oil under un.suitable conditions of heat- 
ing. The differences betw’een the first formation of drops and 
the drip-point is of considerable importance in technical 
work and the fluid nature of a solution of lime soap in oil 
before mixuig with water is not eonsidered a disadvantage 
in preparing a sufficiently stiff grease. 
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“Like other colloidal solutions, the stiff greases show 
hysteresis phenomena. It is easy to notice qualitatively that 
soft greases, which flow in a mortar when the latter is moved 
slowly, lose this mobility on standing and become stiffer. 
This shows itself numerically by a rise in the temperature 
at which drops begin to form, though the drip-point of a grease 
which has been stored remains approximately the same as 
that of the fresh grease 

“The changes in the softening point are obviously con- 
nected with the hysteresis phenomena which can also be ob- 
served with the water-free solutions of lime soaps in oil. 
These solutions arc ((uitc oiiy and clear when fresh; but 
become inhomogeneous after standing several days, and some- 
times even sooner. A jelly-like lime soaj) separates, in the 
.same way that jelly-like masses separate from rubber solutions 
or other colloidal solutions. The filtrate at room tempera- 
ture proved on analysis to contain 1-2 percent soap, the orig- 
inal soap solution contained 22 percent soap, and the thick 
jelly on the filter contained 15 percent soap.' Similar changes 
in homogeneity undoubtedly take place in greases to which 
water has been added; but the emulsification of the drops of 
water prevents these changes from being visible except as 
they displace the temperature at which drops begin to form. 

“When the anhydrous .solution of 20-22 percent lime 
soap in heavy Russian machine oils solidifies to a gel, its 
driji-point is about 30°, quite different from that of the 
salve-like mixtures which haA'e been nibbed with water. 
If the jelly is shaken, however, the drip-point drops about 
to room temperature. After heating and slow cooling, the 
drip-point rises occasionally above 30°. 

“ With oils containing small amounts of lime siiaps, such 
as the filtrates previously referred to, fine films form on the 
surface after long standing, so that it seems probable that 
all these solutions of lime soap are really supercooled colloitial 

‘ [It is diflicuU to see how a soap solution could separate into two portions, 
each having a U>wer ficreentage of soap than the original solution W. 1) Ji.J 
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solutions which all have a tendency to precipitate the excess 
of soap. The previously described lubricating greases are 
to be considered as salve-like emulsions of these supercooled 
solutions of lime soap in mineral oils and of the precipitated, 
jelly-like colloidal lime soap together with a little water. 
The drip-point of all these greases is about 70°. 

“Quite different results are obtained when the lime 
soap is prepared by precipitating a rape-seed oil alkali soap 
with calcium chloride instead of by heating, and 20 percent 
of this precipitated soap was dissolved in a light American 
mineral oil containing paraffin. The precipitated soap was 
granular and clear yellow, quite different from the brownish, 
translucent, viscous and jelly-like boiled soap. It dissolved 
with such difficulty in oil that gelatinous, crumbly, reatlily 
hardening nias.ses were formcfl on heating, even when there 
was continuous stirring at 210°. When solid the mass was 
a deep brownish red, transparent, and stiff jelly. In it could 
be seen lighter particles of apparently undissolved soap. 
In Ubbelohde’s apparatus, the drip-point was found to be 
about 90°, while drops began to form at 75° Hf)°. When 
a brown emulsion was j)repared from this jelly with one per- 
cent water, it remained fluid even after long standing. Since 
the anhydrous jelly cracked in a short lime to soap and a 
mobile oil, the peculiar liquefaction of the originally solid 
mass, when mixed with water, can j^erhaps be explained by 
assuming that the solid jelly is a mechanical mixture of a 
mobile, soap-like oil containing a mass of crystallized lime 
soap which latter causes the high drip-point. 

“Another sample was prepared by dissolving 6.2 percent 
soap in oil at 225° and rubbing into it one percent of water. 
It was also reddish brown and fluid while the anhydrous mass, 
before the water was added, was jelly-like at 28°, but very 
mobile. A liquid layer separated on standing. Five other 
greases were prepared from the light American oil. In the 
first, 6.2 percent of precipitated soap was dissolved at 255°. 
The solution formed a thin jelly when cold and a thick layer 
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of it became partially liquid on standing. When ground 
with one percent water, there was formed a stiff vaseline- 
like, dark reddish-brown grease, which was transparent in 
thin layers and which began to form drops at 25° when freshly 
prepared, but which showed a drip-point of 74°. The other 
sample was made with boiled soap and with the same mineral 
oil. The boiled soap dissolved between 80° and 90°, but 
stiff greases w^ere not formed unless the solution was heated 
higher (205°). An 18 percent solution, heated for five minutes 
at 205° and ground wdth one percent water, began to form 
drops at 37° and dripped at 57.5°. A similar solution was 
heated for 15 minutes at 205° and then ground with w-ater 
The resulting grease began to form drops at 46 and dripped 
at 66^. bonger heating thus raised both temperatures, 

“ To show^ the colloidal character of the lime soap solutions, 
.some experiments were made with the ultra-microscope since 
a boiling-point determination was out of the question in view’ 
of the nature of the high-boiling constituents. The solution 
of the lime soap in the heavy mineral oil was diluted with 
benzene so as to make observations easier. Under the ultra- 
microscope it proved to be amicroscopically colloidal. Solu- 
tions of precipitated lime soap in pure benzene showed a 
bluish cone of light, and innumerable submicrons. Solutions 
of lime soap in a mixture of benzene and alcohol were seen 
to be colloidal when examined under the ultra-microscope. 
In the case of these greases we have not only a colloidal solu 
tion of lime soap in mineral oil but also a colloidal solution 
of resins in the oil. This w^as confirmed by examining the 
reddish-brown and black opaque mineral oils and their 
mixtures with benzene. The dark asphalts and the lighter 
resins were colloidally amicroscopic. 

“When a few^ drops of a dark railroad oil were dissolved 
in benzene and placed before the slit of the ultra-microscope, 
a beautiful, bluish-green cone of light was to be seen. Under 
the ultra-microscope the solution appeared entirely amicro- 
scopic. If one adds concentrated alcohol to the benzene solu- 
tions of dark oils w^hich contain dissolved asphalt, or if 



5o8 


Wilder D. Bancroft 


one adds alcohol to an apparently amicroscopic solution of 
pure asphalt in benzene, the apparently clear and transparent 
solution shows, under the ultra-microscope, submicrons 
which are evidently precipitated asphalt, but which cannot 
be seen as such by the naked eye. 

“Reddish-yellow machine oils give a bluish cone of light 
containing amicrons. The solution of lime soap in a Russian 
machine oil was also amicroscopic. A white paraffin oil 
gives a beautiful bluish cone of light containing amicrons. 
Crystallized paraffin, with a melting point of 38°, differs 
from asphalt in giving no sharp cone of light when small 
amounts are dissolved in benzene. It is only when consider- 
able amounts of paraffin are dissolved in benzene that we get 
a cone of light with submicrons sparkling very beautifully. 
A similar result is obtained with a normal paraffin melting 
above 50°. The cone of light is due chiefly to amicrons and 
is scarcely colored. There are more submicrons, the more 
concentrated the solution. Submicrons were scarcely to be 
found in Rtissian petroleum in w'hich there is almost no paraffin, 
but they were to be detected in the American petroleum which 
contains more paraffin and which solidifies more readily.” 

In these lubricating greases we have water as the dis- 
perse phase, the lime soap forming the protecting film. The 
consistency is due to the structure of the emulsion. Since 
there is present about 20 percent of lime soap, the emulsifying 
agent it is not surprising that there is a marked change in the 
physical properties, especially in view of the fact that Picker- 
ing' obtained a practically solid mass resembling blanc-mange 
by emulsifying 99 parts kerosene with one part of a one per- 
cent potash soap solution. Holde does not give sufficient 
details to enable me to discuss the alleged difference in be- 
havior of a lime soap made by treating rape-seed oil with lime 
and of a lime soap made by adding calcium chloride to a soda 
or potash soap. There is presumably no glycerine in the second 
case and there is probably some soda or potash soap carried 


' Jour. Chem. Soc , 91, 200 (it^oy). 
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down. It is rather a pity that Holde should have chanf^cd 
the method of preparing the lime soap and the nature of the 
mineral oil at the same time. 

Another instance of an emulsion in which water occurs 
in drops is to be found in the case of mixed paints.' “The 
manufacture of mixed paint is essentially American, having 
been accredited to some enterprising New Englanders who 
observed that when linseed oil paint was mixed with a solution 
of silicate of S(xia (water-glass) an emulsion was formed, 
and the paint so made showed very little tendency to settle 
or harden in the package. Several lay claim to this invention. 
The first mixed paint was marketed in small packages for 
home consumption and appeared about 1865. 

“The addition of silicate of soda is still practised by a 
few manufacturers, but the tendency is to eliminate it as 
far as possible and to minimize as much as possible the use 
of an alkaline watery solution to keep the paint in suspension. 
The general use of zinc oxide has had much to do with the 
progress of mixed paint, for it is well known that corroded 
white lead and linseed oil settle tjuickly in the package, while 
zinc oxide keeps the heavier lead longer in suspension. Where 
only heavy materials are used, manufacturers are inclined to 
add up to four percent of water 

“In certain classes of mixed paints, partitnilarly house 
paints which are made of corroded lead, sublimed lead, barium 
sulphate, etc., there is a likelihood or tendency of the pig- 
ment to settle. This is more marked in the case of corroded 
lead than in any of the other pigments. To prevent this, 
in a measure, water is added, and up to a certain percentage 
both the manufacturer and the consumer have accepted the 
fact that water is not injurious when added to two percent 
for the purpose of combining the paint; but beyond this per- 
centage its effect is likely to be injurious. 

“Sometimes for the sake of an argument, but more often 

>Toch; "The Chemistry and Technology of Mixed Paints,” ii, 116 

(» 907 )- 
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for the sake of making a paint which contains no more water 
than the natural moisture of its cojistituents, a manufacturer 
feels the necessity of adding a combining medium other than 
water to prevent the paint from settling hard in the package. 
Among these are gutta-percha solutions, solutions of balata, 
para-rubber, gum chicle, etc. The rubber solutions mentioned 
serve their purpose very well without injuring the paint, and 
the percentage used is so small that it may be considered 
negligible. This, however, is not true of many of the mixing 
varnishes which arc made by varnish manufacturers who have 
no experience in the manufacture of paint. They sell rosin 
vaniishes neutralized with lime, lead or manganese, and while 
they assist very well in combining the lead with the oil, the 
wearing quality of the paint is proportionately reduced. 

“With the last few years a new combining medium has 
appeared on the market which in itself is an improvement 
on all paints. It is made by melting a mixture of a resin 
(free from rosin or colophony) and heavy linseed oil and 
reducing with China wood oil and naphtha. Where a manu- 
facturer uses a combining medium of this character the paint 
becomes more viscous as it grows older, and when it dries 
it produces a satin-like gloss and shows fewer brush marks 
than a paint containing water. 

“The question of how much water shall be added to 
mixed paints, or how much water mixed paints shall contain, 
either added or incidental, is not fully decided upon, as there 
is a difference of opinion as to its value, and likewise a differ- 
ence of opinion as to the amount necessary for certain purposes. 
There are some paints in which as high as 2 percent water 
arc necessary, and in other paints less than 1 percent is pur- 
posely added. That water is of great benefit in certain paints 
cannot be disputed, one large railway corporation permitting 
the addition of 1 percent of water to its mixed and paste 
paints. 

“A chemist in making an examination of a mixed paint 
must necessarily be careful in giving an opinion as to the 
amount of water in the paint, and great judgment must be 
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used in a report. For instance, a paint, made according to 
a certain specification, containing a large mixture of Venetian 
red and yellow ochre, might contain very nearly 2 ])ercent of 
moisture, which was a part of the composition of the pigment. 
Then again, linseed oil frequently contains more than a trace 
of water, which the manufacturer cannot extract nor can he 
afford the time necessary to allow the water to settle out of 
the oil. A mixed paint should not contain over 2 j)ercent 
water, for it is unnecessary to add more than this amount to 
any paint, 

“The proper benefits derived from the addition of water 
to a pure linseed oil paint are suspension of the pigment and 
improvement in its working (jiiality. Take the case of artists’ 
tube colors which lie on the dealers’ shelves for years and 
which are prone to get hard and likely to separate so com 
plctely that the color will l)e found on one side of the tube 
and the oil entirely free on the other. Water is an absolute 
necessity in this case and is an improvement for both seller 
and user. The colors made with the correct addition of water 
are known to pile and artists prefer a color which “ piles ’’ 
l)roperly. 

“There are many ways of adding water to a paint. In 
some instances the re(iuired amount of water, together with 
the oil and the drier, are placed in a churn or mixer and 
the paste stirred in. Where materials like calcium sulphate, 
calcium carbonate, ochre, Venetian red, silicate of magnesia, 
silicate of alumina, white lead, etc., are used, there is no 
necessity for adding any combining material which will form 
a soap with the linseed oil, there being sufficient action between 
these materials and the water. It is an additional advantage 
that there is less likely to be complete saponification in a mixed 
paint to which no emulsifier has been added. 

“There are a large variety of materials which are used 
for ‘emulsifying’ paint, some of which are good and some of 
which tend to gelatinize the paint. The materials used 
for ‘emulsifying’ paint are the carbonates of all the alkalis, 
borax, zinc sulphate, calcium hypochlorite, manganese sul- 
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phate, manganese chloride, ferric chloride, lead acetate, 
ferrous sulphate, alcoholic solutions of thcvSC various salts, 
also the alcoholic solutions of these salts containing a small 
percentage of moisture. 

“To detect water in paint, particularly in light-colored 
paints, is a comparatively simple matter. The method de- 
vised by the author is almost quaiititative for some purposes. 
The first method ever published by the author consisted in 
placing a strip of gelatin in a mixed paint. When a meas- 
ured or weighed amount of mixed paint was taken and the 
strip of gelatin allowed to remain for twenty-four hours a 
fairly correct quantitative determination was obtained. An- 
other method described some years ago involved the u.se 
of anhydrous suphate of copper, a bluish- white powder which 
on the addition of water returns to the natural dark blue 
color of crystallized copper sulphate. 

“The author has, however, devised the scheme of using 
a glass plate and mixing a paint with a dyestuff known as 
Erythrosine B. When about '/j gram of the dye and 5 grams 
of mixed paint are rubbed together with a pallet knife on a 
sheet of glass, a paint containing no w'ater will produce a 
distinct pearl-gray color; if there is water in the paint the 
mixture changes almost immediately to a brilliant cerise 
red, and if there is much water in the paint (over 2 percent) 
the color changes into a crimson so that the reaction is clearly 
marked. The test nlust not be allowed to stand more than 
four minutes, since even paints which contain no added water 
but which naturally contain traces of moisture will begin to 
change into a rosy color, but this indication points to the ab- 
sence of water. 

In a red, black, or other dark-colored paint where this 
color reaction cannot be .seen, the oil must be separated from 
the pigment and a test made of the oil on a sheet of milk 
glass. It is. always necessary to run a blank alongside of 
the test, the blank being of known composition. For ins- 
tance, in testing a yellow paint composed of ochre, a cer- 
tain amount of water will be found in the dry color. It is 



The Theory of Emulsification 513 

therefore necessary to make a yellow paint containing ochre 
and test it with erythrosinc and note how lonj^ it takes for 
the water in the ochre to attack the erythrosinc. The sus- 
pected sample is then tested, and if it chanjjes in the same time 
as the known sample, no added water can be reported. 
A white paint very larj^cly composed of moist white lead will 
show the erythrosinc reaction in a few minutes, and a chemist 
who has standard samples of known composition at hand 
will find this test both delicate and useful. 

“There are a large variety of indicators such as nigrosine 
black, insoluble in alcolu)! but sf)luble in water, which are 
very useful indeed. Some manufacturers have been known 
to add a borax solution of rosin and shellac, which contains 
a small percentage of wood alcolifd, to certain i)aints. 

The wood alcohol in this case would give a very brilliant 
color with the erythrosinc, but the nigrosine being insoluble 
in alcohol would give its color only with w'ater.’’ 

Holley and Ladd* say that “ many of the paints which have 
been sent out of late years have contained unnatural pro- 
portions of water, not intended to add value to the paint, or 
to serve for preventing its settling and hardening. No more 
than from one to two percent of water is needed, if at all 
necessary, for this purpose. It is not uncommon for paints 
to contain from ten to twenty-four percent of water in the 
licjuid portion. This, with the small amount of added alkalies 
and jelly-like constituents, has produced serious results 
for the paint consumer. ’ ’ 

I have not been able to find any statement as to the 
type of the enndsion formed when water is added ; but it seemed 
to me self-evident that 2^ percent of water would readily 
be detected in case the water were the external phase, anti 
consequently it seemed justifiable to assume that in mixed 
paints we had water emulsified in oil. This assunjption was 
confirmed in my laboratory by Mr. F. R. Newman who tested 
a sample of mixed white lead and added more water to it 

' “Analysis of Mixed Paints, Color Pigments, and Varnishes,” 5 (1908). 
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until the paint contained over 70 percent of water. It was 
also found tliat water emulsifies in commercial linseed oil, 
this undoubtedly being due to the rosin content of the oil. 
Since there are said to be seventy million gallons of mixed 
paints used per year in the United States, this type of emulsion 
is unquestionably the more important one commercially, 
and it is rather extraordinary that the writers on emulsions 
should have overlooked this important industry. 

It seems to me that we are now in a position to consider 
the conditions under which one or the other type of emulsion 
occurs. Donnan’s surface tension theory of emulsions is 
certainly not right in the form in which it has hitherto been 
given. Pickering’ brought this out clearly when he prepared 
emulsions of oil in water with basic iron sulphate. On the 
other hand , no one will deny that the formation of an emulsion 
is a phenomenon involving surface tension. Consequently, 
some point has been overlooked in Donnan’s theory. Donnan 
is quite right in pointing ouU that the stability of an emulsion 
depends on the fact that a surface film with a low surface 
tension tends to prevent a coalescence of the drops of oils. 
He is also right in the reason given for it. The weakness in 
Donnan’s theory is due to the fact that Donnan has always 
started with the fact that the oil is emulsified and that he 
has consequently never formulated the conditions under which 
the oil becomes the disperse phase rather than the water. 
Donnan considers the surface film in the case of soap emulsions 
as part of the water phase though differing in concentration 
from it. All the difliculties disappear if we consider the 
surface film as a separate phase, so that we have drops of oil, 
a surface film, and surrounding water. We must do some- 
thing of this sort in the case of foams or soap-bubbles, because 
there it is absurd to consider the film as part of the enclosed 
air or of the external air. In the ca.se of the .soap-bubble, 
the compositions of the phases inside and outside the film 

‘ Jour. Chem Soc , 91, 2012 (1907); Zeit. Kolloidchemie, 7, 15 (1910). 

® Cf. Jour. Phys. Chem., i6, 202 (1912), 
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are -or may be —the same, and the internal phase is the one 
exerting the most pressure, at any rate originally. With a 
real emulsion the conditions are different because we have two 
distinct Ikiuids. It seems to me that it is easy to modify 
Domian’s theory so that it will fit the facts. Let us imagine 
a flexible, vertical diaphragm, which separates two liquids 
A and B, and which is wetted by each. Since the diaphragm 
by definition adsorbs each of the liquids, the surface tensions 
of the two sides of the wetted diaphragm will not be the same 
as a rule. Owing to this difference in the surface tensions, 
the diaphragm will bend so that the side with the higher 
surface tension becomes concave. This change tends to en- 
velope the liquid on that side. Consefiuently we conclude 
that licpiid A will form drops in the emulsion in case licjukl 
B lowers the surface tension of the dia])hragm more than does 
liquid A. The absolute and relative surface tensions of the 
two Ikjuids against their respective vapors have nothing to 
do with the phenomenon and it is theoretically possible to 
emulsify benzene in water with one diaphragm and to emulsify 
water in benzene with another diaphragm. It all depends on 
the properties of the diaphragm, on the nature of the emulsify- 
ing agent. While this way of looking at the matter clears up 
the theoretical difiiculties in regard to the type of emulsion, 
it is not quite clear from this how one would go to work to 
find a suitable emulsifying agent in any given case. I am 
quite willing to admit that I do not know how to formulate 
a rule which will cover all cases; but 1 can deduce one which 
covers a great many cases. Suppose w^e consider the extreme 
case that one of the tw-o liquids, water for instance, lowers the 
surface tension of the diaphragm very much when adsorbed 
by it. We then have conditions favorable to the disintegra- 
tion or peptonization of the diaphragm. Consequently we 
conclude that if a substance forms a colloidal solution with 
water and is coagulated by benzene, that substance will tend 
to emulsify benzene in w-ater. To w'hat extent we get an actual 
emulsion depends on the coherency and permanency of the 
film formed. This rule covers practically all the cases of 
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emulsions in water which have been considered in this series 
of papers. Soap is a hydrophile colloid and so are the gums. 
The insoluble salts used by Pickering approached the colloidal 
state the more finely they were ground, and it was under these 
conditions that they were the most effective. It is not 
possible from Pickering’s experiments to tell to what extent 
the differences in effectiveness were due to the lack of forma- 
tion of a suitably coherent film and to what extent they were 
due to specific relative adsorption. This point ean be diseussed 
more profitably when we get to the special case of ore flota- 
tion. 

This formulation covers that of Hober,* previously 
quoted;* “Some other processes in the cell probably also 
come under the heading of adsorption of colloids. We saw 
that drops of chloroform or carbon bisulphide in solution of 
albumen become covered witli a membrane of albumen. 
Such membranes, resulting from the contact of two solutions 
have been known in biology for a long time under the name of 
haptogen membranes. It is to them that we owe, in large 
part, the permanency of the emulsions which occur in many 
physiological solutions. Thus the continued, fine distribution 
of fat in milk is due to the existence of a film of caseine around 
the globule of fat. The emulsifying action of small amounts 
of alkali on a mixture of oil and water is due to the formation 
of membranes of soap at the surface between oil and water. 
In order to obtain a fine-grained emulsion it is not sufficient 
to add a substance which concentrates in the surfaces between 
two liquids. By addition of chloroform or acetone to oil and 
water, we get no emulsion. It is necessary that the added 
substance should be a hydrophile colloid which is adsorbed 
in its peculiar way with formation of a solid film.” 

Theoretically, it ought to be possible to form an emulsion 
when the emulsifying agent is soluble in water and is pre- 
cipitated by the other liquid provided a film is formed; but it 

* Physikalische Chemie der Zelle und Gewebe, third edition, 293 (1911). 

’ Jour. Phys. Chem., i6, 227 (1912). 
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would be difficult tojform^a pennanent|[emulsionTunless out 
started with a saturated solution’in’water.| 3 Q 

The theory as outlined sho wsJthat'Swe ^should j get an 
emulsion of water in oil or carbon bisulphide providedjwe'took 
an emulsifying agent which formed a fcolloidal solution in the 
non-aqueous solvent. Instances of this have already been 
cited, rosin with linseed oil and water, lime soap with mineral 
oil and water. Using a magnesium soap plus a little sodium 
oleate Mr. F. R. Newman succeeded in emulsifying 90 percent 
of water in carbon bisulphide. The details of this work will 
be published by Mr. Newman at some future date. 

There is one case cited by Pickering* which calls for 
special comment. He found that potassium cupric tartrate 
will emulsify a mixture of alcohol and water. Since alcohol 
and water are miscible in all proportions, this seemed a trifle 
uncanny until we relocated the experiment and found that 
potassium cupric tartrate causes aqueous alcohol to separate 
into two liquid layers. If anybody is interested in this 
special problem, it is evidently possible to make emulsions 
of acetone in water or of water in acetone by first adding .some 
such salt as potassium carbonate to cause the formation of 
two liquid layers and then adding a suitable emulsifying 
agent. 

Since the object of the emulsifying agent is to keep the 
drops of the dispersed phase from coalescing, anything which 
will act in this way will serve more or less as an emulsifying 
agent. As an extreme case we may have an electrical charge 
caused by the adsorption of an ion. Under these circum- 
stances an emulsion will behave like a colloidal suspension. 
This has been realized by Ellis.’ The interface potential was 
found to be little affected by organic impurities in the oil 
but to be altered enormously by acids, and to a lessc*r degree 
by alkalies. The maximum interface potential was found to 
correspond to a concetitration of about N/iooo alkali, and this 

^ Zeit. Kolloidchcmie, 7, ii (1910). 

* Zeit. phys. Chem., 80, 597 (1912). 
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was found to be the point of maximum stability of the emul- 
sion. Surface-tension measurements showed that the stability 
did not depend on the surface tension, but on the interface 
potential. 

p*! question of the factors determining the stability 

of an emulsion is an important one from the point of view of 
the maker of emulsions; but it cannot be taken up in this 
series of articles because it depends on the theory of jellies. 
I propose to discuss it later under that head. A few words 
on the subject will suffice for the present. It is well known 
that jellies contract in time and exude liquid or even go all to 
pieces. If the surface film around the drops behaves in this 
way it is clear that the emulsion cannot be stable. Other 
things being e<iual an emulsion will be more stable, the smaller 
the drops. By use of a homogeuizer it is possible to break 
up the globules in fresh milk so that the cream does not come 
out in a .separator. I am told that it is also possible to start 
with skimmed milk and renovated butter fat, and to make 
an excellent imitation of fresh milk therefrom. 

The general results of this paper are as follows : 

1. Lanolin is an emulsion with water as the disperse 
phase. 

2. Some of the properties of lubricating greases are due 
to the presence of emulsified water. The emulsifying agent 
is apparently the lime soap. 

3. In mixed paints the water is the disperse phase. 
The emulsifying agent is apparently the dissolved rosin. 

4. If the surface tension between liquid A and the emulsi- 
fying agent is lower than the surface tension between liquid 
B and the emulsifying agent, liquid A will be the dispersing 
and liquid B the disperse phase. 

5. A hydrophile colloid will tend to make water the dis- 
persing phase while a hydrophobe colloid will tend to make 
water the disperse phase. 

6. In order to emulsify two liquids which are miscible in 
all proportions, it is necessary to add a substance which 
will make them only partially miscible. 
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7.IAS a limiting case, drops may be kept from coalescing 
by an electrical'charge due to the adsorption of an excess 
of some ion. Such an emulsion will behave like a typical 
colloidal suspension. 

8. Anything which destroys tlie film round the drops in 
an emulsion or which neutralizes the charge on the drops will 
make the emulsion less stable. 

9. The cracking of an emulsion is often due to the ageing 
of the film round the drops. The discussion of this belongs 
properly under the theory of jellies and will be taken up there. 

10. Other things being equal, an emulsion will be more 
stable, the smaller the drops. 

In the next pa|)er of the scries I intend to consider the 
flfttation of ores as a special case under the general theory of 
emulsification. 

Cornell Umverntv 



DO MOLECULES ATTRACT COHESIVELY INVERSELY 

AS the square of the distance? 

BY ALBERT P. MATHEWS 

In a very interesting and valuable recent paper in this 
journal by Mills, ‘ the conclusion was drawn that the cohesional 
attraction of molecules varied inversely as the square of the 
distance. Besides tliis conclusion, which was founded on the 
interesting discovery that the internal latent heat of vaporiza- 
tion divided by the difference of the cube roots of the densities 
of the liqtiid and vapor was a constant, a most valuable part 
of the paper was the reopening of the question whether the 
field of molecular attraction is delimited by the surrounding 
molecules, or whether it owes its small size to the very rapid 
decrease of the attraction with the distance. This question 
raised a century ago by Laplace,^ was answered by him 
in the latter .sen.se without any convincing reason for his 
conclusion, and has not been reopened since, the opinion 
being almost universal that the shortness of the radius of 
action is due to the attraction diminishing with the distance 
at a rate far more rapid than the square; the fourth, fifth, 
seventh and even higher powers having been .suggested. 
In thus reopening the question Mills has rendered a valuable 
service. That his conclusion is correct, that the molecular 
field is delimited by the surrounding molecules, is clearly 
indicated by Einstein’s’ calculation of the radius of action, 
showing that the radius is proportional to the distance be- 
tween the molecular centers. The conclusion that the at- 
traction is inversely as the square of the distance, however, 
I believe to be erroneous for the reasons which w'ill be pre- 
sented in this paper. 


' Mills: Jour. Phys. Chem., 15, 417 (1911). 

* Laplace: “Traits de mi’eanique celeste,” Supp. ati Livre 10, p, 351- 

• Einstein: Drude’s Ann , 34, 165 (1911). 
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Mills ^ discovered the empirical relationship that the 
quotient of the internal latent heat of vaporization^divided 
by the difference of the cube roots of the densities of the 
liquid and vapor was a constant, except in the neighborhood 
of the critical temperature. If L is the total ^latent heat, 
and E^is the part of it used in doing external work, then 
L “ E would be the part of the heat used in doing internal 
wwk. He found that (L^ - E)/(rf] '' — == //'. He 

assumed that this internal heat was all used in overcoming 
molecular cohesion, and he ascribed the fall of the constant 
near the critical temperature to the inaccuracy of the data. 
He then reasoned that since for the expression 

might be substituted, the ^ molecules must 
attract each other inversely as the squareJ[of the distance, 
since it is only on such a .supposition that the difference in 
potential energy of the molecules in the liquid and the vapor 
can be given by an expression of this kind. The similarity 
of his expression: E -E ^ - i/V^’) to Helm- 

holtz’s formula for the heat given off by the contraction of 
the sun vseemed significant, the Helmholtz formula being 
W =' R -i/CR). From this similarity Mills 

reasoned that molecular attraction, like gravitational, must 
follow the inverse sejuare law. Since it is impossible that 
molecules should attract each other cohesively according to 
this law% if the cohesional attraction penetrated matter, he 
concluded that cohesion did not penetrate matter, but was 
delimited by the surrounding molecules. 

There is, however, another relationship expressing the 
latent heat consumed in overcoming molecular cohesion or 
the internal ])ressure, which has been given by van der Waals 
and is derived from his expression for cohesive pressure of 
a/V'K This relationship is: L - E -= where 

‘ Mills Jour. Phys. Chcni., 15, 417 (1911); Complcs rendus, 153, 103 
(1911); Phil. Mag., [6] 22, 84 (19* 0: 1(>1 23, 4«4 (1V12). 

* This foniiula should, in my i»pinion, be written: L — E — X a 
i /V,,) where X represents heat used in any other internal work than the separa- 
tion of the molecules. See van der Waals: * ‘Condensation of Gasc.s,” Encycku 
liritannica, xi edition. Also Sutherland. Phil. Mag., [5J 22, 83 (1886). 
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“a” is van der Waals’ constant. According to Sutherland* 
the latter expression indicates that the attraction of the mole- 
cules is inversely as the fourth power; whereas Mills has 
interpreted the former as meaning that it is inversely as the 
square. 

To- show how constant Mills’ constant is, I have given, 
in Table i , the results of the calculations by his formula of a 
number of substances from Young’s data. The figures re- 
present ergs for gram molecular quantities. It will be seen 
that the constancy is good for a considerable range of tem- 
perature, but that in all cases there is a more or less pro- 
nounced drop close to the critical temperature, and in some, 
as in ether and ethyl acetate, there is a pretty steady fall 
in the constant throughout. The fall near the critical tem- 
perature might be ascribed to errors of observation, or calcula- 
tion. There is no doubt, therefore, that for most substances 
the expression (L — E}/('Vdj — \T\) closely approximates 
a constant except near the critical temperature, as Mills has 
pointed out. 

The conclusion that this relationship shows that the 
molecules attract inversely as the square of the distance is, 
I believe, sound, if the premise is correct. The premise, or 
assumption, is that the internal latent heat of vaporization, 
or h — E, represents only the work done in separating the 
molecules against their molecular cohesion. While Mills' 
states in a recent paper that not all the internal heat may be 
used in doing this work, and attempts to show that this is 
not incompatible with this conclusion, the conclusion never- 
theless depends on the assumption that it is .so used and that 
there is no change in the internal energy of the molecules on 
passing from the liquid to the vapor. It is clear that if this 
premise be not true, then the conclusion does not follow. 

This premise I believe to be certainly erroneous. It 
could only be true if the molecules remained of the same 


‘ Mills. Phil. Mag, [6( 22, 97 (1911); 23, 499 (1912). 
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size in liquid and vapor, or do not in other ways j^aiii energy.* 
I believe the internal latent heat of vaporization consists of 
at least three parts, not two as is often stated, these three 
parts are: (i) the heat consumed in expanding against external 
pressure, or E; (2), the heat consumed in qvercoming molec- 
ular cohesion, or A; (3), heat consumed in increasing internal 
molecular potential energy by expanding the molecule, or 
increasing its energy of rotation, or I. This last factor is 
often overlooked. If L is the total latent heat of vaporiza- 
tion the expression should be : L — E - 1 -== A. And if mole- 
cules attract inversely as the square of the distance we should 
have (L — E - I)/(N Vi\) - //. 

There are two principal reasons why it cannot be assumed 
that all the internal latent heat of vaporization goes to in- 
creasing the potential energy by separating the molecules 
against the force of their molecular cohesions. The first of 
these reasons is that the value ‘"6,” of van der Waals’ equa- 
tion, has to be taken larger in the vapor than in the liquid 
for some distance below the critical point. And there are 
good reasons for thinking that ‘"ft” represents the real volume 
of the molecules. The second reason is the value a/V“ re- 
presenting cohesion in van der Waals’ equation. A third 
reason has been given by Tyrer. 

To show that the molecules actually do expand in passing 
from the liquid to the vapor, I have calculated the value of 

for pentane, and benzene using Young’s data. I have 
also calculated several others of his substances, but as the 
result is similar in them to that in these two, I give only the 
latter in Table 2, which shows the value of h in cc in the liquid 
and vapor for gram molecular quantities b =- \' - Rl'/- 

(P -f- g/V^).^ 

^ A similar objection to Mills* conclusion htis been raised by Professor 
Tyrer: Phil. Mag., [6] 23, 112 (1912) 

• Since sending this paper to the publisher I have found that the value of 
“a” is larger than assumed here. This change requires f/r and both to be 
larger. At 150° hv should be about 127 cc and at 40° only - 14 The relation 
between be and bv is not greatly changed, but the difference between them 
becomes greater. 
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Table 2 
Pentane 



ft. 

hv 

Vv 

P (Al) 

a/V*» 

40° 

100.6 

140 

21 ,420 

I15 

0.04 

ICX) 

106.5 

64.1 

4,428.00 

5.80 

1 09 

150 

114.6 

79-9 

I ,512.60 

15-54 

8.72 

180 

124.2 


790.05 

25.46 

31 .96 

190 

130.8 

151-9 

567 

29.61 

61.90 

195 

137-2 

155-2 

447-5 

31 -91 

99.55 

197 

144 -5 

153-3 

359.10 

32.90 

154-70 

197.2 

149-4 

149.4 

309.94 

33-03 

207 . 50 (critical) 




Benzene 



/ 

he 

hv 




80° 

82.3 

70 

28,570 



120 

84.6 

—170 

10, 160 



160 

87.4 

— 22 

5,428 



200 

90 8 

52 

2,200 



240 

96 2 

89 

1,093 



260 

100 5 

no. 3 

751.7 



270 

103.6 

120 

606 



280 

108.2 

127 

470 



288.5 

123.8 

123 8 

256.2 




Table 2 shows that, in pentane, fc,. is larger than 6, from the 
critical temperature to about 160°. Below this point v,. 
falls rapidly and apparently soon becomes negative. The 
reason for this apparent fall is undoubtedly the association, 
or quasi-association, occurring in the vapor as the temperature 
falls, as van der Waals suggests, the result being that the 
number of the molecules in the space does not remain con- 
stant and hence R does not remain constant. The effect 
of reducing R to its real value, were we able to correct for 
the association, would be to make larger. In benzene 
falls below b^ sooner than in pentane, from which we may 
infer that the association in benzene is a little larger than in 
pentane. The apparently negative value of b^ is found 
closer to the critical temperature in the esters which are 
known to associate slightly. Since association produces an 



Do Molecules Attract, Etc. 


527 


apparent decrease in it is practically certain that the 
differences between 6, and b„ are actually larger than those 
indicated. The main fact is then established that b„ is actually 
larger than ft, for some degrees below the critical point in spite of 
the association which tends to mask the actual molecular ex- 
pansion and which, at lower temperatures, conceals it en- 
tirely. 

It will be seen, also, that, as one would expect, ft„ actually 
decreases close to the critical temperature, ow’ing to the com- 
pression of the molecules due to the great increase in internal 
and external pressure. This increase of pressure (P 4- a/V^) 
is indicated in Tabic 2 in the case of pentane, the pressures 
being given in atmospheres per sq. cm. 

It is of interest, in this connection, to compute what is 
possibly the real value of ft,, making van der Waals’ assumption 
that in the vapor, at low temperatures, ft,, is equal to 2ft,. 
Supposing that this is the case at absolute zero we may write 
the rectilinear diameter formula: ft, + ft,, = be (f3T£ -|- T),'2Tr). 
This assumes that at absolute zero the molecules are so com- 
I)ressed that in the solid their volume is one-half of what it 
would be in the vapor at the same temperature, and that the 
volume of the vapor molecules at absolute zero is that of ft., 
ft, is very nearly V./2. Table 3 ft,, = ft,((3T, -f T)/2TJ) — ft,. 


Table 3 
Pentane 


t 


Ih (cal) 

bv (taken from Table 2) 

0 

0 

icx ).6 

173 2 

— 140 

I(X> 

106 . 5 

176.9 

— 64.1 

150 

114.6 

176.7 

79.9 

180 

i 24-3 

« 7 i y 

HO. 3 

190 

130.8 

166.8 

I 5 i -9 

195 

137.2 

161.3 

155.2 

197 

144.5 

154-3 

153.3 

197.2 

149.4 

149.4 

149.4 


The parabola represented by these figures is given in 
Fig. I. If there is any association in the liquid the effect 
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of correcting for it would be to reduce the value of and 
increase b^ and so to make the parabola flatter. I have 
computed 6, assuming that there is no association in the 
liquid. The increase of ft,, with the temperatiu'e is seen to be 
very slight. From ab.solutc zero to the maximum value at 
loo® the increase is at the rate of 0.074 cc per degree for gram 
mol quantities. On the other hand “ft” changes markedly 
with the pressure. 

There are several reasons for believing that “ft” is the 
real volume of the molecules and not four times the volume 
as w'as originally suggested. One is that “ft” at the critical 



Fig. I — Volumes of molecules (b for gram mol quantities in cc ) for pentane, 
fcj calculated from formula = Vj — RT/(P + u/Vf) assuming no asso- 
ciation; calculated by formula- = ftcdsTc + T)/ 2 Tc)) 6, , apparent 
volume of by formula f>„' = V® RT/(P -I- o/V|) assuming no association. 

temperature is very nearly V^/a and this is just twice the 
volume at absolute zero. It is unlikely that the molecules 
do not expand in passing from absolute zero to the critical 
temperature, since at the former temperature they are under 
a pressure of 3572 atmospheres in pentane, whereas at the 
critical temperature the pressure is only 240 atmospheres. 
It would take very little separation of the atoms to double 
the volume. 

The latent heat shows, also, that heat is absorbed by the 
molecule roughly proportional to the number of atoms in 
the molecule. This would mean that the atoms vibrated 
(or expanded) and they must hence take up more space as the 
vigor of vibration increases. This would seem to be sufficient 
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to account for doubling the volume of b between 0 ° Abs. and 
Tj. Van der Waals* himself only assumed the constancy 
of the molecular volume “6” for simplicity, and has now 
definitely adopted the idea of a change in volume of the 
molecules. He has obtained, by making certain assumptions, 
the following expression for the change of “fc, ” the molecular 
volume: (fe - fc„)/(V - - 6) = i -- (h - by/(b, — b„y. In 
this equation b, and b„ are the limiting values of fe; b„ at low 
vapor pressures, and b„ under high pressure; the actual value 
under any temperature and pressure is “b.” Van der Waals 
assumes that in liquids at low temperatures, == 2 fc„. Both 
probability and direct observation lead, therefore, to the 
conclusion that the molecules expand on passing from the 
liquid to the vapor state. 

It is clear that if tlie molecules do thus expand against 
the great force of atomic affinity, or intra-molecular cohesion, 
some heat must be absorbed. The quantity thus absorbed 
will probably be greatest at lt)w temperatures, where there is a 
maximum difference in cohesive pressure between the liquid 
and the vapor, and will diminish rapidly near the critical 
temperature, since the volumes of the molecules in the two 
states approach each other and become equal at the critical 
temperature. As we near the critical temperature, therefore, 
the value of I will become very small, and the equation h — 
E = A will become very nearly true. 

The second reason why the internal latent heat of 
vaporization can not be assumed to go altogether to increas- 
ing the distance between the molecules is the fact that the 
internal pressure, the cohesive pressure, is inversely pro- 
portional to the square of the volume. For, assuming as be- 
fore that all the latent heat goes toward separating the mole- 
cules, if o/V* is the cohesive pressure per unit surface then the 
cohesive energy in the liquid will be o/V,; and in the vapor, 
a/V„; and the difference in their cohesive energies will be 

^ Van der Waals; “The Liquid State and the Equation of Condition,” 
Proc. Roy. Acad. Sci. Amsterdam (English Translation), 6, 123 (1903). 
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aCi /Vj — i/VJ. By our assumption this difference in energy 
must be equal to B — E. Hence (L — E)/(i/V, — i/V*) 
must equal “a.” We come, therefore, to an expression 
different from Mills and one incompatible with it. Since 
it is certain that the cohesive pressure varies at least ap- 
proximately inversely as the square of the volume this ex- 
pression must be the correct expression, if L — E represents 
only heat consumed in overcoming cohesion. As a matter of 
fact (L — E) /(i /Ve — I /V„) does not equal a constant, hence 
our assumption must be wrong. But if the assumption is 
wrong then the fact that (L ~E)/(i/V’''’ — i/Vy’) happens 
to equal a constant can not be adduced as evidence that 
molecules attract inversely as the square of the distance. 

I think therefore, that Mills’ empirical expression. 
Tv — E = fi'ii/vY' — Vj,''*) does not mean, as he supposed, 
that the work done in overcoming molecular cohesion from 
the volume V, to the volume was equal to /i'(i/V’^’ — 
i/VyO. hut that the total internal latent heat, i. e., that used 
in overcoming molecular cohesion as well as that absorbed 
in the expansion of the molecules, or in doing other work is 
equal to this expression. 

That Mills’ expression, //(i/V^’ — i/V^*), does not 
represent the work done in overcoming molecular cohesion 
may be shown, also, if the attempt is made to deduce the 
formula on this basis, assuming the attraction to vary in- 
versely as the square of the distance. A value is obtained 
for fi' widely different from that found. Mills realized this 
difficulty and tried to avoid it by assuming that the law that 
matter attracted itself as the product of the masses was 
incorrect. 

I will make the simplest possible assumptions. If the 
molecules are assumed to be cubical in shape, to lie a mean 
distance apart and the lines of attractive force to run per- 
pendicularly from each face of the cube in three directions 
of space and to end upon the six surrounding molecules, 
but not to penetrate them; and if the molecules attract with 
a force varying inversely as the square of the distance between 
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the centers and directly as the product of the cohesive masses 
M, then the attraction of two molecules would be 
The pressure per square cm would be Since the 

attraction goes but a single molecular diameter we may 
multiply the numerator and denominator by where N 

is the number of molecules in the mass which will make 
It is obvious that this expression cannot be 
true, for the cohesion varies inversely as the square of the 
volume, and not as the 4/3d power. Assuming, however, 
that it is correct we would have, as the difference in the 
cohesive energies in the liquid and vapor, the expres- 
sion: - 1 /Vy®). Or changing to density 

— Dy*)/Wt'''-'. Hence h - K should equal this 
expression', and (L - Kl/Wy- - • - N'^>M^K/Wt'^“ = //'. 

This last expression can be tested, since M*K can be easily 
computed from van der Waals “o” by dividing it by N^ the 
square of the number of molecules in the volume V, or Wt; 
and n' is given by Mills. The two values are not of the same 
order of magnitude. For example in pentane, n' is no, 
whereas N"''*M“K/Wt'''' for i gram is 2.214 X lo"'* calories. 
A constant very like n' is obtained, however, if the foregoing 
constaTit is divided by Vy®/3N’^. This changes it to the 
expression 3N“M"K/Vy‘'Wt’'^‘. This would give the value 
102 for pentane. How closely tliis constant agrees with Mills 
is shown in Table 1. N*M*K is equal to “c.” 

The constant cannot be deduced, therefore, by the 
assumptions we have made, one of them being that molecules 
attract each other inversely as the square of the distance, but 
it is necessary to divide the theoretical constant by 
Vy“/3N“^'' to get that found. This however, has the effect 
of changing the equation, near the critical temperature, to 
the form: L — E = 3a(i/V, — i/V.„) which is almost identical 
with van der Waals. 

This argument will perhaps be still more convincing if 
it be turned around. Let us suppose Mills’ contention is 
correct and the internal latent heat represents only heat used 
in overcoming cohesion, then /I'/Vy* is the cohesive energy 
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in the liquid; and fi ' is that in the vapor. If now we 
divide the first by Vj and the second by we obtain the 
cohesive pressure per unit surface in the liquid and vapor, 
respectively, or and But we know that the 

cohesive pressure is o/V*, hence the original assumption must 
be incorrect. 

If, on the other hand, the difference in the cohesive 
energy in the liquid and vapor is equal to a(l/'V^ — i/V„), 
and all the latent heat is used in overcoming external and 
cohesive pressure, then L — E should equal this expression. 
If, however, some of the heat, I, is used in expanding the 
molecules then the equation should be:L — E — I =a(i /V, — 
i/VJ. Near the critical temp>erature I becomes very small 
and hence (L — E)/(d, — D^), near the critical temperature, 
must be very nearly equal to a/Wt, where Wt is the weight 
taken in grams; but at temperatures below the critical, 
(L — E)/(d, — BJ should be progressively greater than 
c/Wt by the amount l/{d^ — D^). Table 4 shows that this 
expectation is realized, since in all cases the value (L — E)/- 
(d, - D,) is greater below the critical temperature, but be- 
comes very nearly equal to o/Wt at the critical temperature. 
The value “o” used in these calculations was calculated from 
the surface tension in the manner described.* 

The values diverge as the temperature falls. 


Table 4 — Ergs eor Gram Molecular Quantities 
Diisobutyl Methyl acetate 


Temp. 

L~E 

N=M» 

K/Wt 

Temp. 

d—D 

N»M» 

K/Wt 

100° 

200 

260 

274 

276.8 

4.768 X 10“ 

4 238 

3 942 

3.660 

Critical 

3.222 

100° 

200 

220 

230 

233 

2337 

3.025 X 10“ 
2-597 

2.414 

2.243 

2.124 

Critical 

2.160 


‘ Mathews: Jour. Phys. Chem., 17, 154 (1913). 
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TablB 4 — (Continued) 



Diisopropyl 



Ethyl acetate 

Temp. 

L — E 
d — D 

i 

Temp. 

L— E 
(i — D 

N*M“ 

K/Wt 

lOO® 

3.808 X 10“ 


100® 

3.462 


200 

3-291 


200 

3-016 


220 

3 039 


220 

2.873 


225 

2.895 


240 

2.645 


22735 

Critical 

2.877 

247 

2.482 





249 

2.472 





250.1 

Critical 

2.357 


Methyl propionate 


Methyl formate 

100° 

3.417 X 10" 


100° 

2.481 X lo*' 

200 

3 030 


200 

2.015 

220 

2.931 


210 

1.842 j 

250 

2.598 


213 

1-747 

256 

2.396 


213.5 

1. 710 1 

257:4 J 

Critical 

2.353 

, 214 

Critical 

1.791 


Pentane normal 



Stannic chloride 

0® 1 

4.013 X 10” 


1 100° 

1.573 X 10“ 


40 j 

3.807 


1 200 

I -413 


100 1 

3-558 


240 

1-358 


180 

3-085 


, 260 

1.322 


195 1 

2.769 


, 280 

1.280 


197.1 

2.621 


318.7 

Critical 

1 . 106 

I 97 -I 5 1 

2.637 





197.2 

Critical 

2.806 





Ethyl propionate 


Propyl acetate 

100® 

3.901 X 10“ 


’ 100® 

3-929 


200 

3-385 


; 200 

3.507 


270 

2.825 


270 

2.860 


272.8 

Critical 

2.552 

275 

2.721 





i 276.2 

Critical 

2.575 


Benzene Ethyl formate 


0 

0 

00 

3.486 X 10“ 


100® 

2.968 X 10" 

100 

3.413 


200 

2.532 

140 

3.272 


230 

2.201 

180 

3-197 


234 

2 .087 

200 

220 

280 

288.5 

3.118 

3-052 

2 .676 

Critical 

2.556 

235-3 

Critical 
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Table 4 — {Continued) 

Isopentane Methyl butyrate 


Temp. 

L— E 
d — D 

K/Wt 

Temp. 

L — E 
d—H 

N»M> 

K/Wt 

20® - 

3.694 X 10" 



3-776 


100 

3-367 


100° 


160 

3.067 


20() 

3-429 


185 

2.694 


270 

3-033 


187 

2.616 

1 

280 

2.573 


187.4 

2.559 


281.3 

Critical 

2.559 

187.8 

Critical 

2.726 ' 

_ _ 




Heptane Methyl isobutyrate 


r qO 

100 

t 8 o 

220 

260 

266 

266.5 

266.85 

5 045 

4 - 73 ^^ 

4-314 

4.114 

3.668 

'3-428 

3-343 

Critical 

3-187 

' 100° 

' 200 
' 265 
; 266.5 

1 267.55 

3-675 

3-256 

2.687 

2 . 620 

Critical 

2.488 


Ether 


Carbon tetrachloride 


0° 

3-596 


[ 0® 

1.907 


20 

3-481 


80 

1.823 


100 

3.160 


100 

1.792 


180 

2.708 


120 

1-756 


190 

2.516 


180 

1 .661 


193 

2.332 

j 

200 

1.590 


193 -4 

Critical 

2.468 ! 

260 

1.520 



1 


280 

1-419 




i 

283-15 

Critical 

1-383 


Hexane 



Fluorbenzene 


0® 

■■47504“ 


80° 

3.096 


80 

4-217 


200 

2.672 


IOC) 

4.128 


286.55 

Critical 

2.391 

180 

3-684 





200 

3-568 





234 

3-004 





234-8 

Critical 

3-003 





It is of interest to see how large the amount of heat (I) 
is which is absorbed intramolecularly on passing from liquid 
to vapor. Table 5 contains the calculations for I of i gram 
of hexane. I =1, — E — o(i/V, — i/VJ gram calories. 



Do Molecules Attract, Etc. 


535 


Tabi® 5 — Hexanb 


t 

L— E 

I 

0° 

84.68 

28.21 Calories 

60 

73-59 

21.88 

80 

70.04 

20.17 

100 

65.82 

18.06 

180 

44-30 

8.19 

200 

37.00 

5.86 

230 

16.98 

0.93 

234 

8.98 

0.00 

234-5 

0.00 

0.00 Critical 


The intramolecular heat (I) absorbed is obviously con- 
siderable.' At corresponding temperatures the amount of 
intramolecular latent heat is for gram mol quantities, greater, 
the larger the number of atoms in the molecule as may be seen 
in Table 4. 

The conclusion is, therefore, that van der Waals’ re- 
lationship, i. e.,h - E — o(i/ V, — i/VJ is correct close to 
the critical temperature, but should be changed to the form 
L — E — I = «(i/V, - i/V^), where I is the heat made 
latent intramolecularly by expansion of the molecules, or 
increasing rotation, in passing from the liquid to the vapor; 
and that while Mills relationship: h — E = — 

i/Vy*) is empirically true except, possibly, near the critical 
temperature, yet since L E does not represent solely the 
increase in potential energy due to the separation of the mole- 
cules, the inference he has drawTi from it, that molecules 
attract inversely as the square of the distance, is not justified. 
On the other hand, the correct expression for the increase of 
molecular potential energy, 0/(1 /V, — i/V,), is obtained very 
simply if the molecules attract inversely as the fourth power 
of the distance, as Sutherland has shown. 

University of Chicago 

* ‘*a ” should be larger and the figures in column 3 should be somewhat 
smaller. See footnote p. 525. 



INPIRECT ANALYSIS OE A FERRIC OXIDE GEL 

BY HARRY B. WEISER 

In a paper by Professor Bancroft* a method was given 
for the indirect analysis of a solid phase containing any number 
of components, without the removal of this solid phase from 
the mother liquor. The method consists in determining the 
composition of the original solution in terms of all the various 
components and then determining the composition of the 
mother liquor in terms of the same components after the 
separation of the solid. From the values so obtained it is 
possible to calculate the composition of the solid phase, pro- 
viding one, at least, of the components does not form a part 
of it. To calculate the composition of the phase from the data, 
the amounts of the various components before and after 
precipitation are expressed in terms of unit amount of the 
substance that does not enter into the solid phase. The 
difference between the values before and after precipitation 
gives the relative amounts of each of the components present 
in the separated phase. 

In order for tliis method to be generally applicable, it 
is evident that certain conditions must obtain : 

1. There must be an appreciable difference between the 
initial and final concentrations. 

2. It must be possible to analyze accurately for all com- 
ponents. 

3. The solid phase must separate and settle so as to 
leave a comparatively clear supernatant liquor. 

4. One, at least, of the components must not form a 
part of the solid phase. 

Part I. — Method of indirect analysis of a gel, in which 
one component of the system from which it separates does not 
enter into the solid phase. 

It may be desired to find out the exact composition of a 


Jour. Phys. Chcm., 9, ssS (1905). 
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gelatinous precipitate that cannot be removed from the 
mother liquor and determined accurately in the ordinary way. 
As an example of how this may be done in a specific case by 
the indirect method above given, an analysis was made of the 
gelatinous ferric hydroxide obtained by adding caustic soda 
to a ferric chloride solution. 

Lachs and Michaelis* found that chlorine ion is not ad- 
.sorbed at all by blood charcoal in the presence of an excess of 
caustic soda. From the result of their investigation it was 
thought that perhaps chlorine would not be adsorbed by 
gelatinous ferric hydroxide when the latter was precipitated 
from ferric chloride solution with an excess of sodium hy- 
droxide. If we assume, then, that no chlorine is adsorbed 
in the presence of an excess of caustic soda, we have at hand 
all the above conditions for ready analysis of a ferric hy- 
droxide gel. 

Experimental 

1. A solution of ferric chloride was made up and the 
amount of iron and chlorine in unit weight of this solution de- 
termined. 

2. A solution of caustic soda was prepared and the 
strength per imit weight determined by titration wdth standard 
acid.* 

3. To a weighed amount of the ferric chloride solution 
a considerable excess of caustic soda solution was added and the 
precipitated phase allowed to settle. 

4. Portions of the clear supernatant liquid were pipetted 
off and analyzed for chlorine and alkali per unit weight. 

5. The composition of the gelatinous ferric hydroxide 
was calculated from the date so obtained, assuming that no 
chlorine is adsorbed. 

‘ Lachs and Michaclis* Zcit. Elcktrochcmic, 17, 2, 917 (1911)* 

* It was found in connection with this work that the sodium hydroxide 
used contained about 2.5 percent of sodium chloride, so that the caustic soda 
solution had to be analyzed for this impurity per unit weight and the correction 
made when the composition of the original solution before mixing, was expressed 
in terms of the various constituents: iron, sodium, hydroxyl, etc. 
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A ftirther correction must be made in the hydroxyl con- 
tent of the solution before the separation of the solid phase. 
Since analysis shows that the ferric chloride solution em- 
ployed is not pure ferric chloride but contains slightly more 
iron than would correspond to the formula FeClj, a calculated 
increment of hydroxyl is added to the value obtained by 
analysis, in order to correct for the slight excess of iron in the 
ferric chloride solution. This correction is a small one, in 
“Determination No. i,” it is approximately 0.000002 of an 
equivalent of hydroxyl in a gram of solution. 

In the above table as well as the similar ones following, 
certain explanations arc necessary; 

(1) In order to do away with so many decimal places and 
so facilitate tabulation, unit amount is taken as 1000 instead 
of I. Thus the composition of woo grams of the solution be- 
fore and after mixing is given, instead of the composition of 
I gram. 

(2) “Calculated” values, express the composition of the 
solution in terms of unit amount (1000 grams) of chlorine. 

(3) “ Difference ” gives the relative amounts of the various 
constituents present in the gel on the assumption that no 
chlorine is carried down. The formula is then calculated 
from these relative values. 

(4) The “percent error” was calculated iromihe fact that 
the anion and cation concentration differed slightly. Thus in 
Determination No. i 

Fe = 3 X 9.301 = 27.903 

Na= = 2.170 

Cations = = 30 073 < 

Anions (OH) = = 29 . 580 ' '• 

Error = == 0.493 = 1.6 percent 

(5) The sodium hydroxide solution used contained 0.04660 
gram of NaOH per gram of solution. 
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The above four determinations, made under similar con- 
ditions show the metliod that may be employed in determining 
and calculating the composition of a gel providing one of the 
components of the system from which it separates does not 
form a part of it. 

An examination of the composition of the gelatinous 
ferric hydroxide, as determined under the assumption that no 
chlorine is adsorbed shows that little or no water is carried 
down by the gel. This is contrary to what we should expect 
and indeed contrary to observed facts since a ferric hydroxide 
gel centrifuged until it is firmly matted together, shrinks 
and loses appreciable amounts of water on standing. Indeed 
in “Determinations 3 and 4,” the amount of water expressed 
in terms equivalent to i gram of chlorine is greater after 
precipitation than it was before. The only logical explana- 
tion of this anomaly is that, even in the presence of an excess 
of caustic soda, chlorine is adsorbed by gelatinous ferric 
hydroxide. If the amount of chlorine as found by analysis 
of the mother liquor is less than it should be, i. e., if some 
chlorine is adsorbed, it is evident from the tables above that 
this would cause a considerable error in the determination 
of the water as well as of the sodium present in the gel. To 
show this effect even more strikingly an analysis was made in 
which just a trifle less sodium hydroxide was added than the 
amount necessary. In such a case there is certain to be con- 
siderably more chlorine adsorbed than in the above cases 
where a considerable excess of sodium hydroxide is present. 
As can be seen from Table V, in which the result of this analysis 
is given, the water content of the gel is quite appreciably 
negative. Such an erroneous result is obtained because the 
calculations have been made under an erroneous assumption, 
for chlorine is unquestionably adsorbed in every case. The 
values obtained for the composition of the ferric hydroxide 
gel in each specific case are of course entirely wrong, since they 
are calculated on the basis of an assumption that the experi- 
ment at hand shows to be erroneous. However, the method 
is a general one and may be used with quantitative exactness 
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in the analysis of a gel, providing all of the conditions stated 
at the beginning of this paper are met. In the case under 
consideration all of the components of the system enter into 
the solid phase so that the above method is inapplicable. 

Part II. — Method of indirect analysis of a gel in which 
all the components of the system from which it separates, 
enter into the solid phase. 

The next question that naturally presents itself is whethei 
it would be possible by indirect analysis to determine the com- 
position of a gel, when all of the components of the system 
from which it separates enter in. As will be shown, this may 
be done accurately under certain conditions. 

Let us assume that wc are dealing with the components 

A, H, C, and D. In the solution before precipitation then, 
there will be A' grams of A, Y grams of B, Z grams of C and 
W grams of D. If now the gel will settle firmly to the bottom, 
or if it can be made to settle to a firm homogeneous mass by 
contrifuging in a cylindrical graduate so that the volume of 
the supernatant liquid can be read, it is possible to determine 
the exact amount of the various constituents in all the mother 
liquor, thus: 

1. After the gel has been consistently matted together, 
read the volume of the supernatant liquid. 

2. Determine the density of the mother liquor with a 
pycnometer. 

3. Pipette off portions and determine the amounts of the 
various constituents per unit weight of the solution. 

4. From the volume, density and composition per unit 
weight, calculate the amount of each constituent in all of the 
mother liquor. The result will be A'' grams of A, Y' grams of 

B, Z' grams of C and IV' grams of D. The difference between 
the original and final amounts of the various constituents 
gives the amount of each present in the solid, thus : 

Composition of original .solution, X gram A -f V gram B + Z 
gram C -f- IP gram D 

Composition of liquor after prec., X' gram X -I- F' gram B + Z 
gram C + W gram D 
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Solid phase, ,Y — X' gram A 4- V — Y' gram B + Z — Z' gram 
C + gram D 

From the above discussion it is evident that when*all the 
components enter into the solid phase, the same conditions 
before given as regards initial and final concentrations, possi- 
bility -of accurate analysis, etc., must obtain. In addition 
the solid must be of such a nature that it may be made to mat 
together in a compact homogeneous mass, so that the volume 
of the mother liquor may be accurately read. 

Gelatinous ferric hydroxide prepared by precipitation of a 
ferric chloride solution with caustic soda, was found to fit all 
of the necessary conditions admirably, so that the above 
method could be employed readily for accurately determining 
its composition in any given case. It was even found by 
vigorous centrifuging for some hours that the gel was matted 
down sufficiently firmly to allow the mother liquor all to be 
poured off without stirring up a particle of the solid. In the 
interest of greater accuracy this latter procedure was followed, 
since, if correction is made for incomplete drainage, the 
weight of the mother liquor could be more accurately de- 
termined with the balance, than by volume-density deter- 
minations. 

Experimental 

Solutions of ferric chloride and caustic soda were made up 
as before given and the strength of each per unit weight in 
terms of the various constituents was found. To a known 
weight of the ferric chloride solution in a cylindrical graduate, 
a known amount of caustic soda was added and then put into 
a centrifuge and centrifuged at the rate of looo r. p. m. until 
the gel was pressed as a solid mass into the bottom of the 
cylinder. It was assumed that the process was complete, 
when continuous centrifuging for 2 hours caused no further 
diminution in the mass of the gel. The mother liquor was then 
poured off and weighed (correction being made for incomplete 
drainage) and the exact total composition determined in 
terms of the five constituents. These values subtracted from 
the values representing the initial composition give the com- 
position of the gel. The analysis follows; 



Determination No. 


Indirect Analysis of a Ferric Oxide Gel 


547 


00 Tf- ri- 

'Thoo so 

VO 

vO Ov 

•O O 
00 QO 


vo r-^. ov 

QO VO ^ 
00 »o 
fT ) O ^ 
rO <r) O 

6 6 6 



X 

o 


00 ♦ 


ON VO fo 53 .S 

lO ON VO ^ 
VO lO On 

M O M 

odd 


r>i On 00 
rO ON fO 
00 *o fS 
*«t* rO 
rt* O 


0 0 0 


PC4 


fO rO 

VO \0 

ro O 


rf VO 00 
r<5>0 VO 
On ^ 

VO HI lO 
00 00 


a 

Q 



548 


Harry B. Weiser 


In this determination the amount of sodium hydroxide 
was slightly in excess of the amount necessary. Under such 
conditions we would expect the adsorption of chlorine to be 
quite appreciable. The above analyses shows this to be 
true. Odier analyses were made in which the excess of 
sodium hydroxide used was considerably more. The results 
are given on pp. 549-550- 

These determinations show the composition of the 
gelatinous ferric hydroxide under the conditions which pre- 
vail in each individual case. Chloride, alkali and water are 
all three found to be present, but the composition, is not 
constant — ^the relative amounts of each constituent varying 
among themselves. This is exactly as we should expect, 
since the composition of a gel of this kind is certain to be in- 
fluenced to a greater or lesser degree by the conditions obtain- 
ing in each specific case. Ihe chief factors influencing the 
composition of the gel under consideration are ; 

I. The concentration of chlorine ion in the final solu- 
tion. 

II. The amount of caustic soda added in excess of the 
theoretical amount necessary. 

III. The length of time of standing after precipitation. 

Generally speaking, the greater the concentration of 
chlorine ion in the final solution, the more would be carried 
dowm by the gel. If this were the only factor that influenced 
the amount of chlorine adsorption, we should expect it to be 
constant in all cases in which the final concentration of the 
solution with reference to chlorine ion, was constant. But 
this is not the only factor that influences the chlorine ad- 
sorption. The caustic soda concentration also has an effect. 
The following table will show this. In this table are brought 
together for comparison the several formulae of the gelatinous 
feme hydroxide obtained above, imder different conditions 
as regards chloride and alkali concentrations. 

Under the heading, “Excess of NaOH used,” is placed 
the number of grams of sodium hydroxide solution (0.0466 
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gram NaOH per gram of solution) added over and above the 
amount necessary for complete precipitation of the iron. 
The figure in parenthesis represents the number of times 
more solution added than theoretically necessary. “NaCl” 
and “NaOH” express the adsorbed constituents in terms of 
unit amount of Fe^O,. 



Excess of NaOH 

i 




No. 





Fe, 0 , 

N aCl 

NaOH 

1 H ,0 


Grams 

Times 




1 

1 

I 507 

(0.14) 

I .0 

0.432 

0.247 

i 132.8 

2 

19.950 ! 

(2.17) 

I 0 

0 273 

0.986 

' i 3 <’.f 

3 

22.026 

! (2.52) 

I .0 

0.283 

1.163 

; 140.8 

4 

23-340 i 

( 2 - 57 ) 

I .0 

0. 260 

I ns 3 

139-5 

5 

40 . 902 ! 

(6.3 ) 

I .0 

0 248 

I .983 

' 178.3 


The above table shows the effect of the concentration of 
sodium hydroxide on the amount of chlorine adsorbed. In 
No. I, in which there is only a very slight excess of sodium hy- 
droxide, the amount of chlorine adsorbed is greater than in any 
succeeding case. In No. 5, in which the excess of alkali added 
is quite large, there is only about one-half as much chlorine 
carried down as in No. 1. Nos. 2, 3 and 4 are intermediate 
between these two extremes. It is interesting to note that 
the values for adsorbed chloride in Nos. 2, 3, and 4 are but 
slightly greater than in No. 5, even though three times as 
great an excess of alkali was used in tlie latter case as in the 
former ones. This shows that above a certain concentration, 
the excess of sodium hydroxide present has but slight effect 
in cutting down the extent of adsorption. 

As regards the carrying down of alkali by gelatinous 
ferric hydroxide, we should expect that the amount likely to be 
carried down* would be greater, tlie greater the excess present. 

‘ The following is interesting as an ex|>eriment illustrating qualitatively 
that sodium hydroxide is advsorbcd by gelatinous ferric hydroxide* 68 grams of a 
ferric chloride solution (0.00317 gram Fe per gram of solution) required for 
complete precipitation of the iron 9.8 grams of a sodium hydroxide solution 
(0.0466 gram NaOH per gram of solution). When 0.5 gram more of this solu- 
tion than necessary for complete precipitation was added and the supernatant 
liquid tested for alkali with phenolphlhalcin, the solution remained colorless. 
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This was found to be the case as shown in the above 
table. 

Since a gel which contains a large amount of water tends 
to shrink and lose some of this water on standing, the greater 
the length of time of standing the less will be the water con- 
tent. • The chloride and alkali contents will likewise diminish 
on standing by reason of their diffusion into the supernatant 
liquid. 

Since all of the above conditions influence the com* 
position of gelatinous ferric hydroxide prepared in the manner 
described, it is evident that the same values will not be ob- 
tained twice in succession, unless precautions are taken to 
have the concentrations of the reacting substances exactly 
the same and to allow the same time to elapse between pre- 
cipitation and removal of the supernatant liquid for analysis. 

The question may naturally have arisen that if it is possi- 
ble to pour off practically all of the supernatant liquor, why 
not analyze for the constituents of the gel directly without 
resorting to an indirect method at all? The answer to this 
question is at hand when we consider the difficulties involved 
in removing entirely o.oi gram of chlorine from a solution 
containing twenty times as much iron, or how impossible it 
would be to analyze with anything like quantitative accuracy 
for from 0.02 to 0.06 of a gram of sodium in the presence of 
such a large excess of iron, unless a great amount of time were 
spent in working up a method that would be applicable 
quantitatively in the particular case at hand. 

Then, too, this is a specific case in which the super- 
natant liquor could be poured off without stirring up the solid. 
The method is just as applicable by the volume-density de- 
terminations in cases in which the mother liquor can not be 
poured off. Furthermore, cases may arise in which the 
difficulties of direct quantitative analysis are even greater 
than in the case under consideration. The two methods of 
indirect analysis given, describe the mode of attack in de- 
tmmning the composition of a gel. The methods are per- 
feetJy general in their nature and may be employed in any 
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case in which the conditions are such that an indirect method 
is applicable. 

It is interesting to note the magnitude of the error intro- 
duced in the gel analyzed, if the composition is calculated 
on the afssumption that no chlorine is adsorbed and the con- 
stituents expressed in terms of unit amount of chlorine, as 
before described in Part I. 

The following table gives the determination, No. 5 above, 
calculated on this basis. Whereas the correct composition 
is Fe.^O.,, 0.248 NaCl, 1.983 NaOH, 178.3 Hj, 0 , if wt calculate 
on the assumption that no chlorine is adsorbed, a result is 
obtained showing the amount of alkali carried down to be less 
than one-third what it should be, and the water content to be 
actually negative. This is exactly w^hat w^as found and de- 
scribed in the first part of this paper. 

Summary and Conclusions 

I. The composition of a gel may be determined by /w* 
direct analysis. The method employed is a general one but is 
subject to certain well defined limitations. These limita- 
tions are as follows : 

Case I. In which at least one component of the system 
from wdiich the gel separates does not enter into it. 

1. It must be possible to analyze accurately for all com- 
ponents. 

2. There must be an appreciable difference in the con- 
centration of the solution before and after the separation 
of the gel. 

3. The gel must settle sufficiently to allow' the mother 
litjuor to be removed and analyzed. 

Since by definition, at least one component of the .system 
from which the gel separates does not enter into it, the relative 
amounts of the various constituents before and after precipita- 
tion are expressed in terms of unit amount of this unadsorbed 
constituent. The difference betw-een these values gives the 
relative amount of each present in the gel. Gelatinous ferric 
hydroxide prepared by precipitation from ferric chloride 
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solution by caustic soda cannot be analyzed under this method, 
since all of the constituents enter into the gel. It can be 
determined, however, under 

Case II in which all the components of the system from 
which the gel separates enter into it. 

In this case conditions one and two are the same, and in 
addition the separated gel must be of such a nature that it 
will mat together in a homogeneous mass, so that the volume 
of all the mother liquor can be read. With these conditions 
obtaining the exact total composition of the solution in terms 
of all the various constituents before and after precipitation 
may be determined. The difference between the.se values, 
gives the absolute amount of each present in the gel. 

2. The composition of the ferric hydroxide gel, de- 
termined by the method given in Case II above, varies widely 
under different coiulitions, chlorine, alkali and water being 
carried down in varying amounts. 

Generally speaking, the amount of material adsorbed is 
proportional to the amount present. The adsorption of 
chloride is however appreciably lessened by the presence of an 
excess of caustic soda, although it is not entirely prevented. 

In conclusion, I express my sincerest thanks to Professor 
Bancroft, at whose suggestion and under whose kindly super- 
vision this work was done. 


( orvrll Vvivt>r^itv 



ANHYDROUS SODIUM SULPHATE AND WATER 


BY D. T. WILBER 

At temperatures below 32.6® the moistening of anhydrous 
sodium sulphate with water causes an evolution of heat owing 
to the formation of the decahydrate. It was found by 
de Coppet* that heat is evolved at higher temperatures. Sodium 
sulphate was dehydrated at 100° and placed in a thin- walled 
glass bulb. The bulb was placed in a flask containing a 
thermometer and a little water. The flask, with its contents, 
was placed in a constant temperature air-bath and allowed to 
come to equilibrium. The bulb was then broken and the rise 
of temperature noted. The rise w^as 2.1° from an initial 
temperature of 39.8°, 5.9° from 51.2°, 6.4° from 71.6° and 
10.4° from 90,1°, the actual rise being greater the initial 
temperature, for the range of temperatures studied. Dc 
Coppet explained this rise in temperature at first by assuming 
two Isomeric forms of sodium sulphate; but he abandoned this 
later* without olTering any new explanation. 

Julius Thomsen’ considered that a monohydrate is 
formed; but that is known not to be the case. Thomsen’s 
presentation of the matter is misleading. He says that the 
heat due to the formation of the monohydrate may raise the 
temperature above the boiling point of water. While this is 
true, it would have been better to have stated also that the 
temperature does not rise above 103.2°, the boiling point of 
the saturated solution. 

The rise of temperature is of course due to the fact that 
anhydrous sodium sulphate is less soluble at high temperatures 
than at low" temperatures and consequently dissolves with evolu- 
tion of heat. This explanation has already been given;* 
but the increasing rise in temperature with increasing initial 

^ Comptes rendus, 79, 167 (1874). 

Ber. chem. Gcs. Berlin, 12, 248 (1879). 

® Therraochemischc Untersuchungon, 3, 122 (1883), 

* Dammer*st Handbuch der anorganischen Chomie, 2, II, 155 (1894). 
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temperature is there accounted for by the assumption that 
the heat of solution increases in amount with rising tem- 
perature. A glance at the solubility curve shows that this 
explicit assumption is not true. This difficulty disappears 
if one remembers that the rise in temperature in these ex- 
periments depends on the rate at which heat is evolved as 
well as on the amount of heat evolved. At the higher tem- 
peratures of 90°, equilibrium is approached so much more 
rapidly that the amount of heat evolved in a given brief 
interval of time is greater than at 40° through the total heat 
evolved up to equilibrium is greater in the latter ca.se. 

Cornell Vnner^iiy 
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cm OenerftI and Industrial Inorganic Chemistry. By Etiare Molin- 
art. TranslaUd by Ernest Feilmann. Third edition. 6 X IQ cm; pp. xvi 4- 709. 
Philadelphia: P. Blakiston*s Son and Co., 1912. Price: $6.00 . — “A treatise on 
General and Industrial Inorganic Chemistry" is the name of a large work by Dr. 
Ettore Motinari, in which he attempts to classify and present to students in 
chemistry, the practical application of the multitude of facts of the science, 
its laws and theories, to our industrial world and business enterprises. It is 
not a book intended for the beginner and one untrained in chemistry, but for 
the advanced student who wishes to apply his knowledge to industrial prob- 
lems. He has also taken great pains to incorporate in this book a class of in- 
formation not usually found in a textbook, that is the price and size of market 
for the different chemicals and products with which he deals. He states in his 
preface to the first edition his aim in doing this. 

“In the special portion I have always endeavored to emphasize very briefly 
those industrial processes which deal with the preparation of the more commc»n 
compounds. By means of the ordinary textbook it is difficult for the student 
to form a conception of the greater or lesser importance of any one compound 
compared to others. Many, for example, do not know whether arsenious an- 
hydride has other application than that of destroying rats ; whether 

phosphorus has other uses than for the heads of matches; or whether hydrogen 
serves other purposes than the inflating of balloons. I have endeavored to in- 
dicate as completely as possible the varied application of each substance, and 
have summarized their present and past importance by means of statistics. 

“In the case of each substance I have indicated its commercial price without 
any desire to offer a commercial price list of chemical products, but merely 
for the sake of orientation, as quite often it is unknown whether a cubic meter 
of oxygen costs 2d or 4s, whether ammonia costs more or less than nitric acid, 
copper more or less than aluminum or nickel, etc. Generally nothing is avail- 
able with regard to the prices of chemical products than the fantastic price 
lists of the pharmacists. 

“I have purposely omitted descriptions of the ordinary laboratory apparatus 
and have substituted, for their cumbersome material, simple and illuminating 
sketches of industrial apparatus and processes which I have collected from the 
best works on chemical technology. 

“I am far from believing that this book may be considered as a treatise on 
chemical technology, but it is my belief that industrial chemistry must start 
from the foundations of general chemical culture embodied in this treatise, in 
order to enter into all the technical and economical conditions of manufacture 
of the more important compounds, and in order to place our young chemist 
in a position to assume direction of, and collaboration with, our chemical industry 
with more success and utility." 

The form and arrangement that the author has used in taking up the field 
is efficient and pleasing. A somewhat abbreviated outline of the contents of 
this book will show the arrangement and scope of the work: “Part I General,'* 
is composed of chapters on; matter, space, substance and mass; physical and 
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chemical phenomena; history of chemistry; fundamental laws of modern chemis- 
try; laws of matter in the gaseous state; chemical equations; matter in the liquid 
state; study of dilute solutions; and lastly, matter in the solid state. These 
chapters of Part I occupy 125 pages and, as inspection will show, cover the general 
field of physical chemistry unusually well for a text of this kind. The same 
symbols are used in the formulae and laws as we are all accustomed to in our 
own texts, but the English system of money is used throughout the book. 

Part II deals with the non-metals and is covered by subdivisions into the 
following heads: classification of the elements; non-metals, hydrogen compounds 
of the halogens; oxygen compounds of the halogens; oxygen group; hydrogen 
compounds of the group; oxygen, sulphur, selenium, tellurium; oxygen com- 
pounds of sulphur, selenium, tellurium; nitrogen group, hydrogen compounds 
of the trivalent non metals; oxygen derivatives of the trivalent non-metals, 
vanadium, niobium, tantalum, carbon group. 

The text in Part II is quite full and compl. lc and deals with laboratory 
methods as well as with purely industrial matters. In the discussions as to 
occurrence of some of the mineral deposits and their importance the author has 
sometimes treated the foreign deposits so thoroughly and those of the United 
vStates so briefly as to give one an underestimate of the value of our mineral 
resources. Such is the case with our sulphur as compared to the Sicilian product. 
Put great interest has been added to the work by footnotes dealing with many 
of the economic problems of the industry under consideration. As has been 
mentioned, the book is fully illustrated and the drawings arc supposed to furnish 
the reader with the important details, in place of lengthy descriptions: in this 
regard they arc very good and include such late pieces of apparatus as the Birke- 
land-Kyde furnaces, the Badische Anilin und Soda-Fabrik furnaces and the Hel- 
big furnace for the production of nitrates from the nitrogen of the air. 

Part III deals with the general subject of the metals and is covered by the 
following chapters, metals, electrochemistry. Group I and Group II; magnesium 
subgroup, copper, .silver and gold, Group III trivalent metals; Group IV tetrava- 
lent metals, and Groups V to VIII, inclusive, take up the common metals and 
their extraction from the ores, and this part closes with the metals of the platinum 
group. In connection with this last Part III, there is an interesting chapter on 
the metallography and micrography of iron and steel with twelve lithograph 
plates showing different specimens of the iron and steel diagram. 

The book as a whole is closed by a chapter on the periodic system of the ele- 
ments and an appendix to the chapter on ‘'water" and also many additional 
statistics. 

The translator has been very clear and accurate in his work and whenever 
doubt as to meaning comes up a "Translator's note" is inserted by way of ex- 
planation. Charles O. Bnmn 

Grundriss dcr Kolloidchemie. By Wolfgang Ostwald, ly X 24. cm; pp, 
J29. Third Ed., Part /. Leipzig: Theodor Steinkopff, i^j2. Price: 9 marks. 
— The second edition of the first volume was exhausted before the second volume 
was completed. The third edition is a reprint of the second edition. The book 
is divided into a general and a special part. Under the general heading of the 
theory of the colloidal states, the author points out that colloids are disperse 



New Books 


560 

systems, and then considers the degree of dispersity. He makes the ttstial 
distinction between suspensoids and emulsoids and then discusses the general 
energetics of dispersoids, meaning thereby the surface tension relations. The 
final chapter in this portion of the book emphasizes the fact that the colloidal 
state is entirely independent of the chemical nature of the phases concerned. 

The second part of the volume is classified as special instead of general; 
but this is rather a courtesy title because the author is really considering the gen- 
eral physical chemical properties of colloids under the specific headings of : volume 
and mass relations in colloids; viscosity and surface tension of colloids; Brownian 
movements, diffusion, dialysis, osmosis and filtration of colloids. 

Among the interesting things noted by the reviewer while reading the book 
arc: the determination of the sign of the charge on colloidal particles by noting 
the capillary rise in filter paper, p. 17; the cut facing p. 32, which gives to scale 
the relative sizes of Bacillus anthrax ^ colloidal gold, and mastic particles; the 
fact that globulin when really free from salt is precipitated by a 0.3 per cent 
sodium chloride solution, p. 65 ; the electrical dispersion of sulphur in turpentine, 
p. 82; the varying solubility of a silica jelly with varying concentration of the 
jelly, p. 90; the lowering of the melting-point of salol by grinding to a fine powder, 
p. 1 13; the adsorption of styrol by metastyrol, p. 130; the vapor pressures of soap 
solutions, p. 160; the evidence for supersaturation in colloidal solutions, p. 172; 
the solubility of zein in aqueous alcohol, p. 214; the effect of grinding on cellu- 
lose, p. 217; the behavior of saponin films, p. 222 ; and the action of dialyzed iron 
solutions towards filter paper, p. 285. 

In spite of its many good points, the reviewer does not find this book as 
good or as useful as.Freundlich's book; but the purchasing public is evidently 
of a different opinion, for this book apparently sells well while Freundlich's 
has not gone into a second edition. Whatever one's views as to the relative 
merits of the two books, there is no question but that the new edition is incom- 
parably better than the old one. Wilder D. Bancroft 

Kolloidchemie. By Richard Zsigmondy. 18 X 24 cm; pp, 281. Leipzig: 
Otto Spamer, 1912. Price: 15 marks . — ^The author gives a general outline of 
colloid chemistry as he sees it, and follows this with a more detailed account 
of the characteristics of special groups of colloids. In the general part the 
headings are: introduction; systematics, properties of colloids; theory. The 
author considers, p. 8, that the so-called reversible colloids arc less like the ir- 
reversible colloids than like the true solutions, differing from these latter chiefly 
in respect to molecular weight. He also considers that there is a marked differ- 
ence in the properties of a suspension, p. 17, when the diameter of the particles 
becomes less than o.i fi. Since coarse suspensions of sand, p. 19, do not pre- 
cipitate rapidly with a low concentration of electrolytes, the author considers 
that coarse suspensions have practically none of the properties of the colloidal 
suspensions. He also considers colloidal suspensions of quartz, p. 20, as quite 
different from colloidal metals because the coagulation is irreversible with the 
latter and reversible with the former. It is doubtful whether many people will 
endorse this view. 

In the special part the headings are: colloidal metals; colloidal non-metals; 
colloidal oxides; colloidal sulphides; colloidal salts; soaps and dyes; albumin- 
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oids. Very interesting is the discussion of brown gold, pp. kk), 107, in its bearing 
on the shape of the gold particles. Most people do not realize that a protect- 
ing colloid may have the same sign, p. 1 19, as the colloidal substance which it 
protects, nor that colloidal silver, p. 130, is coagulated very rapidly by a number 
of alcohols. It is also distinctly interesting, p. 124, that prussic acid has less 
effect on the platinum catalysis of hydrogen peroxide w'hen added to the solution 
after the hydrogen peroxide instead of before- The adsorption of gold by gelatine, 
p. 1 19, has a distinct bearing on the action of gelatine as affecting the appear- 
ance of an electrolytically deposited metal. Since colloidal sulphur remains 
water-soluble, after the sodium sulphate is replaced by sodium chloride, p. 142, 
it is clear that the sulphate cannot be the important factor in determining the 
peptonization. Since potassium salts coagulate colloidal sulphur, it looks as 
though the specific action of the sodium radical was the thing to be kept in mind. 

Although the author’s discussion of stannic and me tas tannic acid is good, 
pp. 169, 175, the reviewer would have been glad of more. It is really very im- 
portant to determine just what the difference is betw'cen these two alleged 
forms of stannic acid, because this probably has a very distinct bearing on the 
cellulose problem among others. The quantitative adsorption of phosphoric 
acid is also interesting, p 175. 

The section on colloidal iron is good, p. 178, and it is a pleasure to note 
that the author accepts Biltz’s work as to the non-formation of ferric arsenate 
under the conditions described. One cannot rejoice so unrestrictedly over the 
fact that the author has accepted, p 207, von Weimam’s view on jellies without 
modification. One would have liked to know whether the author considered 
that the solubility of albumin in a concentrated copper sulphate solution, p. 
245, really was a phenomenon analogous to the solubility of globulin in sodium 
chloride solution, j). 246. 

The book errs too much on the side of lack of theory. While the author did 
this intentionally, this does n<n appeal to the reviewer. We need a theory (d 
colloids much more than we dti a recital of facts. The only way to get one is 
to keep on trying. Kxcept for this defect the author has written an admirable 
book and one which is immeasurably sui)crior to the author’s previous book on 
colloid chemistry, w'hich was distinctly not a good one. 

Wilder D, Bancroft 

Lehrbuch der Photochemie. By Alfred Benrath. 22 X 15 cm; pp, 280. 
Heidelberg: Carl Winler*s U niversiiatsbuchhandlung, igi2. — The author treats 
the subject under the headings: early history of photochemistry; history of photo- 
chemistry; recent history of photochemistry; compilation of photochemical re- 
actions; outline of kinetics and statics of photochemical reactions. The first 
three chapters are not interesting at all and the merit of the book is to be found 
in the last two chapters or nowhere. 

The author considers, p. 124, that photochemical processes may be grouped 
under four heads: photosynthesis; photolysis; photo-isomerization and photo- 
polymerization; photo-oxidation and photo-reduction. After discussing photo- 
chemical reactions under these heads he goes over some of them again under the 
headings: photochemical reactions in the biology of plants; changes of dyes in 
the light. The author’s views of solarization are a trifle vague, p. 147. He 
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assumes that colloidal silver alone can act as a nucleus and that long exposure 
to jight causes the formation of crystalline silver which does not develop. This 
is an unconscious assimilation and ]>ervcrsion of the fact that adding stiver 
particles to unexposed silver bromide does not make the latter developable 
while adding colloidal silver does. 

The author has given a very creditable summary of photochemical reactions 
but the theory is rather lacking. After mentioning a number of changes from 
one stereoisomeric form to another, he then says, p. 163: ‘The above-mentioned 
reactions consist In the change of the more fusible and less stable isomer into the 
less fusible and more stable form. Wc are thus dealing with exothermal processes 
which arc not fundamentally different from many similar, purely chemical, 
reactions. Though we are not able, by chemical methods, to convert the stable 
form back into the labile one except by round-about reactions, this change can 
easily be brought about by exposing the substance to the action of ultra-violet 
light. Usually an equilibrium is reached. Sunlight appears therefore to help 
on the exothermal and ultra-violet light the endothermal reaction. We have 
therefore a conversion of radiant energy into chemical energy and an increase 
of the latter. It has not been determined whether all exothermal inversions 
can be reversed by ultra-violet light.” 

In the first place, it is perfectly well known that the change of white phos- 
phorus, the less stable form, into red phosphorus, the more stable form, is 
accelerated by ultra-violet light. In the second place the whole matter is pri- 
marily one of absorption of light. Everybody knows that a change can be 
brought about only by those rays which are absorbed; but thb does not seem 
to be effective knowledge with most people. Wilder D. Bancroft 

Notes on Chemical Research. By W, P. Dreapcr. 13 X 19 cm; pp. v -f 68, 
Philadelphia: P. Blakiston*s Son and Co., 1913, Price: $1.00. — ^At first sight 
a book on how to do research work seems to be preposterous. The only way 
tcj learn how to do research work is to do research work. vSince research w'ork 
consists in surmounting difficulties which never have arisen before, it is hard 
to see how this can be taught to a student in any other way than by experience. 
On the other hand, there is a great deal that is common to nearly all bits of 
research work, and this is what the author has in mind. His book should really 
be entitled “Notes on the Routine of Chemical Research.” 

The subdivisions of the subject are: historical review and nature of research; 
preliminary survey and selection of subject matter; general procedure and se- 
lection of methods of investigation; chemical and general scientific investigation; 
application of chemical research to industry; research in relation to analysis; 
general conclusions. 

This book constitutes a painstaking piece of work. It is accurate in detail 
but absolutely lacking in brilliancy and inspiration. While the book may be 
helpful to English students, one cannot help thinking how differently Ostwald 
would have done the same thing. 

The reviewer would have liked to have found something more in regard 
to the fundamental question of how to get round an experimental or theoretical 
difficulty. He himself practices the Socratic method of elimination and always 
tries to say that the trouble is due to this or to that, the two being mutually 
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exclusive. This Has the advantage of bringing out clearly just where one stands 
at any moment. Most people, however, merely try to guess the answer and 
consequently do not narrow the field except by the actual number of guesses. 

Wilder D. Bancroft 

Osmotic Pressure. By Alexander Findlay. 22 X 15 cm; pp. vii f 84. 
New York: Longmans ^ Green and Co., 1^13. Price: $1.00. — The chapters are 
entitled: semipermeablc membranes and osmotic pressure; van't Hoff’s theory 
of dilute solutions; direct determination of the osmotic pre.ssure of concentrated 
solutions; discus.sion of the recent determinations of osmotic pressure, and of 
the van’t Hoff theory; the general theory of ideal solutions; discussion of the os- 
motic pressure of aqueous solutions of cane sugar in the light of ideal solutions, 
indirect determination of the osmotic pressure; views regarding the cause of os- 
mosis and the action of the .scmipcrmcable membrane. 

This is an excellent account of what is known in regard to osmotic pres- 
sure. The author points out clearly, p. 8, that the osmotic pressure is propor- 
tional to the absolute temperature only in case "the solution is so dilute that the 
heat effect on further dilution is negligible.” After discussing the data of Mor^e 
and of the Earl of Berkeley the authcar points out, p. 26, that ”from what has 
just been said it follow^s that the Boyle-van’t Hoff law and the Gay-Lussac- 
van’t Hoff law do not hold with any accuracy over the range of concentration 
and temperature investigated. Nor, indeed, was it to be expected that they would. 
Since, in the deduction of the van’t Hoff theory, simplifying assumptions were 
introduced which could be valid only in the case of infinitely dilute solutions, 
the theory made no claim to be a general theory of solutions applicable to all 
concentrations, and the exj>erimental investigation of osmotic pressures could 
serve the purpo.se only of defining the limits within w^hich the simplifying assump- 
tions could be regarded as still applicable. That the range of validity of the van’t 
Hoff theory is comparatively small, in the case at least of solutions of cane sugar, 
is showm by the determinations of Morse and his co-workers as well as, more 
strikingly, by the experiments of Lord Berkeley and K. O. J. Hartley Although 
better agreement is obtained w^hen the osmotic pressures arc calculated accord- 
ing to the method of Morse, still the need is felt for an expression whch shall 
represent the quantitative properties of a solution over a wider range of concen- 
tration,” 

The reviewer regrets that so excellent a book .should be marred by the state- 
ment, p. 44, that the osmotic pressure depends on the degree of association of 
the liquid solvent. Wilder D. Bancroft 

Les Atomes. By fean Perrin. 12 X IQ cm; pp. xvi -f 291. Paris: Felix 
Alcan. Price: 3.50 francs. — ^The headings of the chapters arc: atomic theory 
and chemistry; molecular agitation; Brow’iiian movements of emulsions, laws 
of the Brownian movements; fluctuations, light and quanta; the atom of elec- 
tricity; genesis and destruction of atom.s. The author points out that the values 
of AT/ 10** vary only between 60 and 75 though calculated from such apparently 
different phenomena as the viscosity of gases, the Browmian movements, the 
blue of the sky, the light emitted by black bodies, the charge on the particles of 
a gas, and radioactivity. The author concludes, p. 291, that the atomic theory 
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ha^ triumphed and that the many people who have opposed it are laying down 
their arms, one by one. There is no index. Wilder D. Bancroft 

Le Celltiloid ct ses succddan^s. By W. Main, 19 X cm; pp, 160. Paris: 
Gauthier-ViUors. Price: 3 francs . — ^The headings of the chapters are: cellulose 
and its nitration; camphor and other substances added to the nitrocellulose 
to form celluloid; manufacture of celluloid; viscose and viscoid; cellulose ace- 
tates; albuminoid substitutes for celluloid; different celluloids and different 
substitutes; properties and composition of various plastic materials; manipu- 
lation of celluloid and its substitutes; various economic contingencies. 

The author starts with the orthodox number of cellulose nitrates, nine in 
all; but he admits that the cellulose acetates, p. 72, arc ill-defined mixtures whose 
properties vary with the method of preparation. The author gives a number 
of interesting facts and he includes a paragraph on bakelite; but, somehow, one 
does not get any clear-cut view of the celluloid industry from the book. 

Wilder D, Bancroft 

Jahrbuch der Elektrochemie. Vol. 13 (1906), By Heinrich Banned and 
Julius Meyer. 24 X 17 cm.; pp in *f 869. Halle: Wilhelm Knapp, 1913. 
Price: 32 marks . — The volume for 1906 has at last appeared six years late. In 
order to give the work the value that it should have, some arrangement should 
be made whereby the editors might catch up, even if it were necessary to drop 
out half a dozen years. It would be a pity to drop the series entirely because 
it might be very valuable. The reviewer confesses, with some shame, that he 
has found articles referred to in this volume which interested him very much and 
which had escaped him during this long period. 

The editorial duties are hereafter to be undertaken by Dr. Julius Meyer 
who expresses the hope that the reaction velocity will increase in the future. 
The collaborators are: H. Danneel, J. Meyer, H. Pick, F. Harms, H. I^y, G. 
Grube, A. Wackcr, J. Hess, M. Spitz^r, and Stockmeier. Barring the time factor, 
the work has been well done. Wilder D. Bancroft 



THE DISSOCIATION OF MERCURIC OXIDE 


BY GUY B. TAYUOR AND GEORGE A. HUI.ETT 

The extreme importance of mercury in scientific work 
and the ease with which it acquires a dirty appearance, 
sticking to glass, or forming very small globules which will 
not coalesce, make a study of the conditions under which this 
occurs of some interest. It has been assumed that these small 
globules are surrounded by a film of a foreign metallic oxide, 
but the same effect is observed when the non-oxidizable 
metals, silver, gold, or platinum, are the only other metals 
present.^ The merest trace of any foreign metal will usually 
cause the mercury to leav’^e a “tail” when run over an in- 
clined surface.* We found that when oxygen is passed over 
pure mercury at 200° C, the surface remained bright, but the 
metal showed a decided tendency to adhere to porcelain and 
leave a “tail.” The question now arises whether or not 
mercury itself is oxidized under ordinary atmospheric condi- 
tions and whether traces of other metals act as catalyzers for 
this reaction, A knowledge of equilibrium conditions in the 
system mercury, oxygen, and mercuric oxide is essential. 
An examination of the literature reveals little information 
regarding this subject, so the first object of this investigation 
has been the determination of the dissociation pressure of 
mercuric oxide at low temperatures. 

Historical. -The relation between mercury and oxygen 
has playecl^aft^iffipbrtant part in the development of chemistry. 
That a^d substance was formed by heating mercury for a 
Ipng time in the air was known to the Latin Geber of the 
^'thirteenth century. It was the decomposition of this red 
substance that led to the discovery of oxygen by Priestley, 
1774. One of Lavoisier’s earliest experiments in demonstra- 
ting the law of quantitative combination consisted in heating 
a closed system of mercury and air, noting the shrinkage 
of the air volume, and then recovering the same volume of 
gas by decomposing the red crystals formed.” 
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The first attempt at measuring the dissociation pressure 
of mercuric oxide was made by Myers/ who concluded that 
above 400° C the partial pressure of oxygen had no upper 
limit, but Myers ’ apparatus was defective as was pointed out 
at the time by Debray.® 

Echols* undertook to determine the temperature at 
which oxygen and mercury combine by passing air or oxygen 
over the liquid metal. The oxide began to form at 450° C. 
The oxide when heated alone began to decompose at 630° C. 
His experiments are interesting merely as indicating points 
at which the rate of reaction becomes considerable. Accord- 
ing to P^labon’ combination is complete at 180° C. Car- 
nelley and Walker,* working with what they believed to be the 
hydroxide, state that dehydration is complete at 175° and 
that decomposition is rapid at 415° to 440°. 

P^labon’s* work in determining equilibrium pressures in the 
system mercury and oxygen above 440° is the most important 
investigation of this subject. His method consisted in heat- 
ing together mercury and oxygen in sealed tubes until equilib- 
rium was established, then cooling suddenly and measuring 
the oxygen, from which its partial pressure at the temperature 
of the experiment was calculated. Two series of experiments 
were made, one with the mercury and oxygen in equivalent 
proportions and the other with mercury in excess. He found 
that in the second case (t. e., with the partial pressure of the 
mercury equal to its saturation pressure) the partial pressure 
of the oxygen could be expressed by the formula : 

logp — — — 57.58 log T + 203.9471 1 

where p is pressure in mm of mercury at the absolute tem- 
perature T. 

From this formula, M. J. Bertrand’s equation for the 
pressure of saturated mercury vapor and considerations 
of the law of mass action, P^labon was able to arrive at an 
expression for the relation between the absolute temperature 
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and partial pressure of oxygen when the two elements in 
equivalents are in equilibrium with the solid oxide, 

log /> = — ^ 64.58240. 

His results are given as follows : 



p (observed) 

1 mm 

p (calculated) 

* mm 

Soo 

985 

972 

520 

i 1392 

1403 

580 

, 3610 

3589 

6io 

' 5162 

5308 


The temperatures were measured with a Le Chatelier thermo- 
element. No great accuracy was attempted. 

Discussion . — The immediate object of our investigation 
has been to extend the dissociation pressure curve of mercuric 
oxide below 500° and downward as far as possible. Extra- 
polated values calculated from P^labon’s formula seem to 
indicate that the partial pressure of the oxygen falls off 
rapidly, thus at 450° C it is 337 mm, at 400° C 91.8, at 310° C 
3.8 mm. Sufficiently accurate measures of volumes of oxygen 
as well as the difficulty of maintaining a constant tempera- 
ture for a sufficient length of time at once exclude the sealed 
tube method for our purposes. For instance, Pelabon'® 
found that at 440° C two days were required for equilibrium, 
while at 610° only one hour was necessary. 

Of the two general methods available for measuring vapor 
or dissociation pressures, the static as ordinarily employed 
for oxides," besides being open to all the objections of any 
static method," is out of the question here since one of the 
dissociation products is easily condensible on the cold parts 
of the apparatus." In the dynamic method, the principal 
difficulty encountered has been the slowness of the rate of 
reaction. For instance, in the apparatus to be described, a 
slow current of nitrogen was passed over the purest oxide 
(25 grams) heated to 468°. In 12 hours, o.ii gram HgO 
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had been decomposed corresponding to a partial pressure of 
oxygen in the volume of nitrogen used of only 0.8 mm, while 
the true equilibrium partial pressure at this temperature 
proved to be five hundred times as great. 

The vapor- pressure methods of Smith and Menzies^^ 
seem available for this study, provided the reaction can be 
made to occur with sufficient rapidity, i. e., by catalysis. 
This we have been able to accomplish by certain metallic 
oxides. 

The catalyses of solids, or reactions occurring in hetero- 
geneous systems, do not .seem to have been much investigated, 
except in the case of gases by contact substances, such as the 
formation of water from hydrogen and oxygen in the presence 
of silver, or platinum,^" on the well-known accelerating 
action of platinum or ferric oxide on the reaction zSOg 
O2 = 2SO3. Few instances of catalysis of solids by solids are 
known. Many metallic oxides facilitate the escape of oxygen from 
potassium chlorate, but the reactions involved are ^omplex. 

A case more in point is the accelerating action of metallic 
silver on the decomposition of silver oxide, studied by Lewis.*” 

We have found that the decomposition of mercuric oxide 
is accelerated by finely divided platinum, ferric oxide, man- 
ganCvSe dioxide, and cadmium oxide. Oxides like alumina 
and stannic oxide have no effect. There is no reason to 
suppose that there is any interaction in the case of the oxides. 
Each is at its highest state of oxidation and their dissociation 
pressures are altogether negligible at temperatures we have 
employed. As will be shown later in the dynamic method, 
mercury and oxygen are evolved in equivalents from mixtures 
of mercuric and ferric oxides. 

Preparation of Pure Mercuric Oxide. -We have given 
considerable time and attention to a method for the prepara- 
tion of pure oxide. That made from ignition of the nitrate 
almost certainly occludes oxides of nitrogen. The problem 
is to get mercury and oxygen to unite directly and rapidly. 
In experiments with this end in view, mixtures of mercury 
vapor and oxygen were passed over a glowing platinum wire 
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with no results. We also tried the effect of strong light by 
putting a Nemst glower directly in the neck of a flask con- 
taining mercury ^o which was fed oxygen under pressure. 
The rate of formation was not noticeably increased. When 
a large excess of mercury is heated with oxygen under pres- 
sure, a white scum first appears on the surface of the metal 
and then long needle crystals of the oxide. 

As a final resort pure oxide was made by heating a large 
excess of mercury with oxygen in sealed tubes for several 
hours at 460°. The oxygen was prepared by electrolysis of 
sodium hydroxide solution in an especially constructed 
generator, and was passed over a glowing platinum wire, to 
free it from traces of hydrogen, and dried over calcium chloride. 
The air was carefully pumped out of each tube before filling 
with oxygen. All connections were glass. The mercury 
was distilled three times by the method of Hulett.‘* The 
excess of mercury was removed from the oxide by distilla- 
tion in a current of oxygen. The process is a slow one and the 
yield not good. Much of the oxide adheres tightly to the 
glass and must be scraped off. The crystals obtained were 
large and transmitted yellow light. The material so pre- 
pared was our normal oxide. 

Experimental 

Temperature was measured with a platinum-platinum 
10 percent rhodium thermoelement, and the electromotive 
force with a Wolff potentiometer against a standard saturated 
cadmium cell (1.01840 volts), maintained constantly at 25° 
in a thermostat.*® This thermoelement was standardized 
at three different times during the course of this investigation 
and found not to have sensibly changed. Three fixed points 
were observed, the boiling points of water 100°, naphthalene 
218°, and sulphur 444.5°. It was found that the readings 
in microvolts agreed exactly with the standard of Day and 
Sosman*' at the water and naphthalene points, and read 20 
microvolts lower at the boiling point of sulphur. A straight 
line deviation from Day and Sosman’s curve** was plotted 
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and microvolts corresponding to every io° from 300® to 480® 
were calculated. From the table so constructed the tem- 
peratmes were read by interpolation and are therefore on the 
nitrogen gas scale. 

Submerged Bulb Method . — modification of this method 
as devised by Smith and Menzies** was employed. The bulb 
shown in Fig. i and made of thin lead-glass* 
tubing, was drawm out at one end into a capillary 
0.5 to i.o mm in diameter. This capillary was 
bent around the bulb for the sake of compactness 
and not as shown in the figure, in one plane. 
At A was placed a small plug of glass wool and 
the bulb was filled as completely as possible from 
the lower end and sealed off at B. These bulbs 
were about 5 cm long and i cm diameter, and 
when filled contained about 5 grams of the 
oxide and an equal volume of catalyzer. The 
bulbs were designed to contain as large a quan- 
tity of oxide as was compatible with a small 
volume, so that a rapid stream of bubbles might 
be evolved. 

The essential features of the rest of the 
apparatus are shown in Fig. 2, a tall one-liter beaker containing 
melted sodium and potassium nitrate mixture and standing on 
a sand bath heated from below by a gas burner. An inverted 
beaker with its bottom cut out and resting on an inverted 
asbestos air bath supported on the legs of the tripod, served 
as a jacket. Efficient stirring of the 800 cc or more liquid was 
accomplished by means of a simple four-bladed propeller 
wheel carried on the end of a rapidly revolving stiff brass rod. 
The bulb (not shown in figure) was submerged completely 
under fused nitrates in the bottom of the long tube. This 
tube made of Jena glass was closed at the top by a rubber 
stopper, wired in, through which passed the quartz tube 

* I.«ad glass does not crack when dropped suddenly into fused nitrates 

at 500“ C. 



Fig. i 
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carrying the thermoelement wires. The side tube provided 
connection to the pressure tank, suction pump, and manom- 
eter. The pressures were read on a simple open arm manom- 
eter in conjunction with a barometer. Readings were made 
to the nearest millimeter 
and corrections were made 
for submerged depth. 

Corrections for capillarity 
were not applied as they 
are well within the error 
of the measurement. 

First the bulb was 
thoroughly boiled out to 
expel all air and foreign 
gases by raising the tem- 
perature considerably 
above the boiling point of 
the solid HgO. The 
bubbling was none too fast 
so an hour was usually 
allowed. Then by care- 
fully increasing the pres- 
sure a point was reached 
where bubbling almost 
ceased. The pressure was 
now fixed and the tem- 
perature very slowly 
lowered until the liquid 
began to rise in the capil- 
lary, when the tempera- 
ture was taken to corre- 
spond to this fixed pres- ® 

sure. The pressure was then diminished and fixed, and the 
temperature allowed to fall until another point was located. 
The bubbling slowed up near the end points so much that 
we were obliged to exercise great caution lest the point be 
reached too soon, indicating temperatures higher than the 
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Table I — ^Submerged Bulb Method 


Normal red oxide with 

FejOj 


Kablbaum red oxide with 

Fe,0, 


Merck’s red oxide with 
FejO, 


Merck’s red oxide with | 

MnOj j 


Merck’s red oxide with ' 
CdO 


°c 

Total 

pressure 

mm 

Partial 

pressure 

(observed) 

mm 

Oxygen 

(calc.) 

mm 

475-7 

1430 

476.7 

482 

470.4 

1290 

430.0 

430 

461.3 

1058 

352.7 

351 

455.0 

921 

307.0 

303 

452.5 

856 

285-3 

285 

437 0 

586 

( 195 - 3 ) 

200 

411.7 

308 

(102.7) 

107 

380.9 

109 

( 36 . 3 ) 

47 

356.4 

39 

( 13 0) 

28 

474.1 

1394 

464.7 

465 

463.8 

1096 

365-3 

369 

458.1 

976 

325 3 

325 

450.9 

830 

276.7 

276 

444.0 

701 

233-7 

235 

425.4 

449 

149-7 

148 

476.2 1 

1467 

489 . 0 

' 487 

471.3 ! 

1303 

434.3 

, 436 

465.8 1 

1^57 1 

i 386.3 

: 387 

458.2 ; 

982 : 

327.3 

326 

417.5 

345 

(115-0) 

' 122 

404.2 

236 

( 78 - 7 ) 

' 87 

396.8 

187 

( 62.3) 

72 

363.8 

67 

( 22.3) 

32 

476.2 

1451 

483 - 7 

487 

466.7 

1175 

391-7 

392 

458-3 ! 

966 

322.0 

325 

453-0 i 

863 

287.7 

287 

431-3 : 

512 

170.7 

^73 

420 . 8 

395 

131-7 

133 

468.0 i 

1217 

405.7 

406 

459-3 1 

986 1 

328.7 i 

330 

447-8 i 

773 i 

257.7 

257 

434-7 1 

553 ! 

184.3 

186 

421.5 1 

403 1 

134.3 

136 

390.0 ' 

176 

58.7 ! 

60 
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true ones and correspondingly low pressures. The reaction 
at the lower temperatures is so slow that the pressures indi- 
cated by this method are almost certainly too small. 

Five series of observations were made as given above. 
About 5 grams of mercuric oxide were ground and passed 
through fine bolting cloth, and then mixed with about an 
equal volume of catalyst, similarly ground and bolted. The 
ferric oxide used was Kahlbaum’s “Brown Label” marked 
“special,” which was ignited before use. The cadmium and 
manganese oxides were also Kahlbaum’s preparations, ordinary 
grade. Following the usage of P^labon the results have been 
calculated to partial pressure of oxygen by dividing the ob- 
served pressures by three. Under the column headed “calcu- 
lated” are given the values taken from our final curve. 

Static Method^^ ■ -Here, we used the iso- 
teniscope modified by the insertion of a trap 
to catch the condensed mercury as shown in 
Fig. 3 The. method permits fixing the tem- 
perature and adjusting the pressure, an ad- 
vantage over the submerged bulb method. 

With fused nitrates as the confining liquid 
there was no interaction with the mercury 
vapor. 

The apparatus was charged with 5 grams 
oxide and the catalyst, immersed in the 
nitrate bath, and thoroughly boiled out. Then 
with temperature fixed, the pressure was 
carefully adjusted until the level of the liquid 
in the two arms remained stationary for some 
time, care of course being taken not to allow 
air to re-enter the bulb. The pressure was 
then reduced, the apparatus allowed to boil 
out for 15 to 20 minutes and the observation 
repeated. The response to a change in either pressure or 
temperature was very slow. The results are given in Table 
II. 
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Table II— Static Method 




° C 

Total 

pressure 

Partial 

pressure 

(observeci) 

Oxygen 

(calc.) 

mm 





mm 



480.0 

1580 

526.7 

527 

Red oxide 

with 

469.0 

1255 

418.3 

416 

FeA 


463.8 

1107 

369.0 

369 


451-7 

845 

281.7 

281 



440.2 

642 

214.0 

214 



436.2 

591 

197.0 

195 



418.2 

371 

123.7 

123 



403-3 

252 

84.0 

84 



388.5 

174 ; 

58.0 

58 



436.6 

588 ; 

196.0 

197 

Red oxide 

with j 

403.8 

260 

86.7 

86 

CdO 


369-5 

104 

34-7 

35 


An attempt was made to measure the pressure at 480° 
by this method without a catalyst. In order to ensure the 
expulsion of all the air the apparatus was kept at 500° under 
30 mm pressure for several hours, the temperature then 
lowered to 480® and the pressure increased as rapidly as the 
rate of decomposition would permit. At the end of 8 hours 
a pressure of 1507 mm was reached which was still increasing 
at the rate of 2 or 3 mm per hour. We then lowered the tem- 
perature 4°, and after the first fall of pressure due to con- 
traction of the gases, there began a decrease at about the 
same rate. At i486 mm the experiment was discontinued. 
It is clear that accurate measures could not have been ob- 
tained under these conditions, but the results are in harmony 
with those obtained with the aid of catalysts, and give con- 
fidence in them. 

The Dynamic Method . — Beginning with Regnault’* this 
method has been extensively used for vapor pressures partic- 
ularly at lower temperatures.*' Briefly it consists in satura- 
ting a known volume of an inert gas with the vapor of the sub- 
stance, and from a knowledge of the quantity of the vapor 
calculating its partial presstu*e according to Dalton’s law. 
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The apparatus for this method was practically perfected 
before we tried either of the other methods, for it was hoped 
that we would be able to determine directly the dissociation 
pressure of mercuric oxide at comparatively low tempera- 
tures, but the slow rate of decomposition has made this im- 
possible even with a catalyst. We have only been able to 
confirm our results as obtained above. 

The apparatus in its final form is shown in Fig. 4 and 
consists essentially of a reaction chamber, R, a purifying 
train for nitrogen gas (D, E, G), devices for collecting the 
mercury and oxygen, and the aspirator O. The most trouble- 
some and, at the same time, important part of the apparatus 
is the heating arrangement for the reaction chamber, which 
must be fairly large in order to ensure saturation at equilib- 
rium conditions. This large chamber must be uniformly 
heated and maintained at constant temperature for a consider- 
able length of time. Electric heating of a cylindrical chamber 
seemed to fulfil these conditions best, so we set out to con- 
struct an electric resistance furnace that would heat a tube 
25 cm long and 2.5 cm diameter uniformly its entire length, 
and we succeeded finally in getting one that dropped off less 
than 1° from its center to points 12 cm distant on either side 
at a temperature of 450° C. 

A detailed section through the furnace is shown in Fig. 5. 
Nichrome wire, 2 mm diameter, was wound on a smooth 
wooden cylinder, 40 mm diameter, for a length of 56 cm. 
Exact uniformity in spacing w'as secured by winding on a 
lathe, the space between the wures being about the same as 
the diameter of the ware. Over the windings was wrapped 
tightly a layer of wet asbestos paper (0.75 mm thick), w^hich 
was pressed dowTi between the turns by winding No. 20 nickel 
wire in the spaces. Over this surface was spread a thin paste 
of magnesium oxide-water glass, filling all depressions and 
making a smooth cylinder, which when wrapped tightly in a 
thin sheet of asbestos fitted closely into a brass tube. This 
tube had the same length as the wire winding and a diameter 
only 6 mm more than the wooden core, hence the electrical 
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insulation between brass and wire was i mm, making for 
equalization of temperature by the heat conductivity of the 
metal. The nichrome wires leading from the heater were 
wrapped with fine nickel wire to make them better conductors 
and were fastened securely by notches in the brass tube, being 
carefully insulated therefrom with mica. The nickel wire had 
no electrical connection. The wooden arbor was burnt out 
by boring a small hole longitudinally through it and then 
while in a perpendicular position, directing a pointed blast 
flame into the hole together with a current of air. The 
insulation was next thoroughly dried out by passing a current 
through a fine nichrome wire stretched through the middle 
of the tube. We now had a brass cylinder with a heating coil 
on the inside. The remaining details may be seen by re- 
ference to Fig. 5; aa is an air space whose outer wall is a glass 
cylinder. Covering this cylinder is a layer of heav^y asbestos 
paper over which is wound an auxiliary heating coil of 
nichrome ribbon, serving to warm up the outer insulation 
and cutting down materially the time necessary to bring the 
furnace up to temperature; bb are porcelain cylinders packed 
in the ends with pulped asbestos, re; the outer insulation dd 
is a wrapping of thin asbestos board. 

The glass parts of the apparatus from E to L, Fig. 4, 
were made entirely of combustion tubing put together with an 
oxygen -gas blow pipe to avoid devitrification. The oxide 
and catalyst were charged in the chamber R. The entrance 
and exit for gases to this chamber were capillary size as shown 
in Fig. 5, in order that these gases might have as great velocity 
as possible. As capillary combustion tubing was not avail- 
able, we resorted to the expedient of inserting ordinary 
capillary tubing into the 5 mm hard glass tubes sealed into 
R. As a further safeguard to dilTusion backward as well as 
distribute the nitrogen entering the chamber, a plug of glass 
wool was placed at the inner end of the entrance capillary. 

The nitrogen supply was contained in a large carboy 
connected at A (Fig. 4). The gas first passed through the 
drying tower D, containing calcium chloride and soda lime, 
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then through E and G. Tube E contained copper, copper 
oxide, soda lime, and calcium chloride in the order named to 
remove traces of oxygen and oxidize traces of organic matter. 
The copper and oxide were heated with a gas burner. Con- 
nection between D and E was a ground glass joint made tight 
with • a little marine glue. Tube G contained copper and 
oxide heated to redness by means of a platinum foil electric 
heater. Nitrogen was drawn through the apparatus by draw- 
ing a measured volume of liquid from the aspirator O. 

The mercury was condensed in H and the oxygen caught 
at L. It was first attempted to catch the oxygen on a roll 
of copper gauze suspended in the tube and heated to redness by 
an electric heater, but we found that the oxide had a tendency 
to scale off of the copper. This trouble was eliminated by 
hanging a platinum cup beneath the gauze to catch the 
scales. Then it was found that all of the oxygen was not 
fixed on the copper so a coil of fine iron wire loosely wound 
on a porcelain rod was hung above the copper.* 

The remaining details are taken up in the method of 
operation as follows; Cocks B, F, and M, Fig. 4, were closed 
and the apparatus exhausted through C. Then C was closed 
and nitrogen admitted through B. E and G were heated up 
and a current of nitrogen forced through the apparatus and 
out at N until all traces of oxygen were thought to have been 
driven out. Then the tip of tube J was cut off, M closed, 
and the gases passed out at J while the temperature was being 
brought up in R. The current for the large furnace was taken 
from storage cells. By using 50 cells in two sets of 25 each, 
and these sets connected in parallel, we were able to keep the 
temperature constant within 1° for several hours, after it 
had once been established. A small sliding resistance and an 
accurate ammeter were indispensable aids. The thermo- 


*A quantity of iron wire sufficient to take care of all the oxygen in 
some of our runs would have been too large for the tube, hence the combination 
of copper and iron. That no appreciable amount of oxygen was left in the 
nitrogen entering R after passage over the two copper gauzes in E and G is shown 
by the good agreement between oxygen and mercury in our results. 
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element wires enclosed in a porcelain tube in the position 
shown in Fig. 5 were so arranged that the temperature at any 
place along R could be taken. The small electric heater I 
kept the gases hot until they reached H. It could be pushed 
completely back into the larger furnace. 

In the tube at K was placed an electric glower, made of 
platinum wire wound on a porcelain tube over which slipped 
a quartz tube wrapped on the outside with fine iron wire. 
When the quartz was heated to redness by passing a current 
through the platinum wire, the iron was made sufficiently 
hot to take up any oxygen diffusing beyond H while equilib- 
rium was being established in R.*® It required at least 2 
hours to establish the temperature constant and the gases 
were passed out at J for some time after this in order to en- 
sure equilibrium conditions before the run was started. The 
rate of flow of nitrogen during this time was the same as that 
used after the run was begun. The mercury condensed in H 
was now driven out with a small flame, J sealed off, M opened 
to O, the current in the glower at K shut off, and the small 
bore cock F, whose tip just touched a water surface, opened. 
Aspiration was started by drawing liquid from O and ad- 
mission of nitrogen at A regulated so that an occasional 
bubble escaped at F, which ensured that the whole apparatus 
w'as always at atmospheric pressure. At the end of the 
experiment, M was closed, the heater at I pushed back into 
the large furnace and the small tube S (Fig. 5) sealed off 
quickly. The mercury was collected from H with the aid of a 
little weak nitric acid, washed, and dried in a vacuum desic- 
cator. The increase in weight of the copper gauze and iron 
coil gave the oxygen. 

The nitrogen used in these experiments was made by re- 
moving oxygen from air with a burning jet of hydrogen 
according to the method of Hulett.*® With a long com- 
bustion furnace we were able to make 45 liters in less than 2 
hours. 

Results . — ^The results have been calculated to partial 
pressme of oxygen from the oxygen equivalent of the weight 
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of the mercury, since a small error in the weight of the oxygen 
makes a considerable difference in the calculated pressure, 
and experience has shown that the oxygen weight is less 
reliable. The scheme of calculation follows ; 


Vol. Nj = cc drawn from aspirator X 


Vol. O, 


wt. Kg X o.o8 X X X 

32 barometer 


temp, of dissociation 
temp, in aspirator 

760 ^temp. dissociation 
barometer ^ 273 


Partial pressure oxygen 


Vol. O; 

Vol. N, + 3 X Vol. o; 


The temperatures are of course on the absolute scale. 

Varying the rate of flow of the nitrogen until slower 
rates show no increase in the calculated pressure ought to 
tell us whether equilibrium is being reached or not. The 
results of a series of experiments at 410° C in order to de- 
termine the rate necessary for equilibrium are given in Table 
III. The reaction chamber in this case was 18 cm long 
and contained 150 grams oxide and 30 grams ferric oxide as 
catalyst, which almost completely filled it. In judging 
whether equilibrium has been reached it must be remembered 
that the quantity of oxide is diminishing from run to run. 
The problem was further complicated by the fact that the 
lower limit of a slow rate was soon reached when diffusion 
backward from R began. This distinctly happened in run 
No. 13. The volume of nitrogen in these runs was determined 
by weighitig the water drawn from the aspirator and con- 
verting to cubic centimeters. Correction of this volume for 
aqueous tension was applied. The result of these experi- 
ments did not tell us whether equilibrium was reached or not, 
but slight changes in pressure for great changes in rate showed 
that we were near it. 

lable IV gives results with a larger (25 cm) reaction 
chamber and a fresh charge. 

Table V gives results at 375° C with the larger chamber 
and an initial charge of 150 grams oxide. The volume of 
nitrogen in these two series was measured by drawing mercury 
into accurately calibrated flasks. 
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Table III — Dynamic Method 
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Calculation of results by this method involves two as- 
sumptions, first, that the partial pressure of the oxygen in 
nitrogen purified by passage over copper-copper oxide is 
negligible and, second, that both oxygen and mercury vapor 
follow the gas laws. Both assumptions are justified within 
the errors of experiment. It has been difficult to get as 
accurate results with this apparatus as the dynamic method 
might be expected to give, mainly on account of the very slow 
rate at which the nitrogen must be passed in order to ensure 
saturation. 

The Dissociation of Mercuric Oxide 

Discussion of Results . — We find that on a large scale plot 
of all our results of partial pressure of oxygen against tern- 
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peratiire, a smooth curve may be drawn through the points 
indicated by the static method. Points by the dynamic 
method and of the higher temperatures by the submerged 
bulb method lie very closely on this curve, while those of the 
lower temperatures of the latter lie irregularly below it. 
The dynamic method confirms the values obtained by the 
static one as was to be expected, since, as already pointed 
out, the results by the submerged bulb at lower temperatures 
were less to be relied upon. The final curve is shown in 
Fig. 6, and from it we have constructed the following table: 


c 

Total pressure 

! Partial pressure oxygen 

mm 

rnm 

360 

1 90 

30 

370 i 

108 

36 

380 1 

i 141 

47 

390 1 

180 

60 

400 

231 

77 

410 1 

1 303 

lOI 

420 

387 

129 

43 ^> 

498 

166 

440 

642 

214 

450 

1 810 

270 

460 

1017 

339 

470 

1275 

425 

480 

1581 

527 

Curve II, Fig. 6, shows extrapolated 

v^alues from Pdlabon’^ 


formula. 


Heat of Dissociation. —Having the dissociation pressures 
at two different temperatures allows us to calculate the heat 
of dissociation from the equation of van’t Hoff, called by 
Nemst the equation of the reaction isochore, 

d\nK ___ J[^ 

dT ~ RT^ 

In the integration of the equation U is generally regarded as 
constant but a more accurate value may be calculated by re- 
garding it as a linear function of the temperature, 

U = Uo — CT 


(2) 
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and calculating according to the integrated form given by 
Lewis®* in his work on silver oxide, 



RAT, 



4 - 


Vt. tJ 


R VT, 



( 3 ) 


where C is the diminution in the heat capacity of the system 
during the decomposition and V the total change of volume 
of the solid phase. For mercuric oxide the term containing 
V is negligible and may be dropped out. The last term in 
(3) is a correction term and an approximate value for C will 
do. C is the diminution in heat capacity of 2 grams mole- 
cules of mercuric oxide after complete dissociation. The 
specific heat of the solid oxide given in Landolt-Bomstein’s 
tables as due to Regnault is 0.0518, the molecular heat is 
therefore 11.2 and for two mols 22.4. The molecular heat 
of mercury vapor at constant volume following the rule of 
monatomic gases may be taken as 3, and that of oxygen 5. 
Then for two mols of mercury vapor and one of oxygen the 
result is ii.o, whence C = 11.4. Since the dissociation re- 
sults in three mols, 3R must be substituted wherever R occurs 
in the equation. 

In applying equation (3) to our results, we have selected 
the following data and used them in pairs : 


(a) 4fx)° C 231 mm 

(h) 450° 810 

(c) 480° 1581 


for Uq (a) and (c) give 76430 cal., (b) and (c) 76320, and (a) 
and (b) 76490 cal. We may take as the value of Uq the 
average, 76400 cal. 

The heat of formation of mercuric oxide according to 
equation 

Bg liquid 4“ — BgO solid 

has been determined by J. Thomsen** to be 22000 cal., by 
Nemst’’ 20700 cal., and more recently by Varet** 21500, 
all by indirect methods. In order to compare our value of 
U, the heat of vaporization of mercury must be subtracted. 
Kurbatoff** found the molecular heat of vaporization at the 
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boiling point (358° C) to be 13500 cal. U at 358° calculated 
from equation (2) is 69200, from half of which subtract 13500 
giving 2 1 100 cal. as heat of reaction between liquid mercury 
and oxygen gas at 358° C exclusive of external work. In 
order to rigidly compare with results obtained calorimetrically, 
this value must be calculated to room temperature by aid of 
equation expressing change of heat of reaction with tem- 
perature, 



where Uj = 21 100 is heat developed at 358° (<j), and Uj at 
18° (/,); c' = 1 1.2 cal. heat capacity of the solid oxide and 
c =^- 10.1 cal., heat capacity of the reacting oxygen at constant 
pressure plus the liquid mercury; whence U, -- 21500 cal. 
The average of the calorimetric values is 21700 from which 
must be subtracted the external work RT cal. giving 
21400 cal. The agreement is excellent. 

Calculation of the Equation of the Curve of 
the Dissociation Pressure 


This may be done directly with the aid of the Nernst 
formula^" 



in which the constants s, and C may be found by taking 
the values of 1* at three different temperatures. From the 
data («), (ft), and (c) given above, we get 

Ao = 24105 e = o.CK)4723 C = 5.9461 (6) 

whence the equation of the curve becomes 


log T> = -- + 1.75 log T — 0.001033 T + 3.9461 (7) 


We are now in a position to calculate the dissociation 
pressure of mercuric oxide at any temperature either from 
equation (3) or equation (7). Taking as our data in (3). 
Uq =- 76400 and a pressure of 810 mm at 450° C, we obtain 
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as the pressure at 500° C 2395 mm. Substitution in (7) 
gives the same value, corresponding to a partial pressure 
oxygen 798 mm, while P^labon’s observed value is somewhat 
higher, 985 mm. 

At lower temperatures, taking again as our data Uq = 
7640a and a pressure of 231 mm at 400° C in f3), we obtain 
practically identical values from (3) and (7), at 200° C o.io 
mm, at 25° C 1.9 X lo'* mm. Extrapolated values from 
P 61 abon’s formula give for 200° 0.04 mm and for 25° 
3 X lo"'^, values smaller than the above, just as might be 
expected from the intersection of the curves as shown in Fig. 
6 . 

It has been shown in distilling amalgams under reduced 
pressure with a slow current of air drawn through,*® that 
the base metals are oxidized in the vapor phase. That 
mercury does not oxidize under these conditions (i. e., 5 mm 
partial pressure oxygen and 200° C) is probably due to slow 
rate of reaction, as the partial pressures of mercury and 
oxygen in the still are much greater than are necessary to 
fulfil the equilibrium pressures as indicated by our calcula- 
tion at 200°. 

The extraordinarily low values of the dissociation pres- 
sure at room temperatures indicates that in the presence of 
mercury the oxide is perfectly stable in air. At the same time 
if no mercury is present, no pressure of oxygen, however great, 
could prevent theoretically some decomposition of the oxide, 
since there would be a vacuum to mercury vapor. Mercury 
then can oxidize under atmospheric conditions and it is 
merely a question of rate. If the explicit cause of the dirty- 
ing of mercury is to be found in the oxidation of the metal 
itself the role of the suboxide should be considered. 

Platinum as Catalyst . — Finely divided platinum acts as a 
catalyzer for the dissociation of mercuric oxide but we have 
been unable to get concordant quantitative results vdth it. 
The pressures experimentally obtained by its use in either the 
static or submerged bulb methods were always too high, 
while the inherent experimental errors, aside from incomplete 
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expulsion of air, were due to the slow evolution of the gases 
and were in the opposite direction. There can hardly be any 
question but that platinum dissolves both of the dissociation 
products to some extent. It was hoped that the platinum 
would soon become saturated and then we should obtain 
correct values but this was apparently impossible. 

Now it can be shown that if either of the products of 
dissociation is in excess, then the total pressure will be in- 
creased, for if mercuric oxide decomposes according to the 
following equation, 

2HgO zHg + O, 

then the mass law requires that 

C'Hg X C02 . ■ 

— constant 

'-HgO 

where C represents concentration. Assuming the densities 
of the gases to be normal we may substitute their partial 
pressures for concentrations. Let p be the partial pressure 
of oxygen and m that of mercury, then since the pressure 
of the solid is a constant 

pm'‘‘ = K (8) 

where K is the dissociation constant. Let P be the total 
pressure, then P = /> -f w and 

P ^ (9) 

W' 

dV _2^ 
dm ~ ^ 

The theorem of maxima and minima requires, in order for P 

to have a minimum value, — = o. 

dm 

tn 

w® = 2 K = 2pm^ (ii) 

m — 2p (12) 

Equation (12) is satisfied only when the mercury vapor 
and oxygen are in equivalent proportions. This proof can 
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be made perfectly general, and thus we arrive at the interest- 
ing conclusion that the smallest possible total pressure of any 
number of gases uniting to form one definite solid and in 
equilibrium with that solid, occurs when the gases are in the 
same proportions in which they exist in the solid phase. The 
results of Isambert*^ with ammonium carbamate accord 
with this conclusion. 

The Identity of the Red and Yellow Oxides . — ^There has 
been some controversy in the literature over the identity of 
the red and yellow oxides. Measurements of electromotive 
force in various types of cells“ have led Cohen’" to the con- 
clusion that they are modifications and not identical, having 
apparently different contents of energy. But Ostwald^® 
contends that the small electromotive force observed is due 
to the different rates of solubility of the forms owing to the 
much finer state of division of the yellow."' This view is 
borne out by Varet’s^* determination of their identical heats 
of formation. Additional confirmation is found in the only 
slightly different solubilities of the two forms in the alkali- 
halide solutions,^’ in oxalic acid,^’ and in pure water.^^ 

More recently Schoch^" has concluded that the red and 
yellow are not identical, based mainly on qualitative dis- 
tinctions of color and crystalline form and a difference in their 
dissociation pressure. He employed a static instrument 
consisting essentially of a bulb containing the oxide to which 
was attached a capillary tube ending in an open manometer. 
The apparatus was arranged so that it could be exhausted 
and the construction was such that the condensation of 
mercury was minimized. The results are discordant and much 
higher than our values for both the red and the yellow. It is 
stated that ground red oxide exerts a greater tension than 
coarse oxide and that the yellow oxide gives a pressure of near 
an atmosphere at 310° while the finely ground red gives only 
half as much. It is also stated that “the yellow oxide shows 
its own proper tension only for a short time when first heated.’’ 
This statement seems to be based upon the fact that a sample 
showed on first heating a pressure of 660 mm. It was then 
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allowed to cool, the apparatus reexhausted, and when heated 
up again to about the same temperature showed a pressure of 
only 200 mm. The conclusion drawn is that the initial 
heating converted it into the red variety since its pressure fell 
towards that assumed for the red. Is it not more probable 
that the samples used by Schoch contained enough impurity, 
possibly in the shape of occluded gases, to account for the high 
values obtained? The lower pressure obtained for the yellow 
on reheating may have been due to the removal of some of the 
gaseous impurity by the exhaustion of the apparatus between 
experiments, and seems to us to be a more probable explana- 
tion of the facts than transition into the red form. We have 
heated the yellow oxide for several hours at 475° without 
noting any change in color, after cooling. Its rate of de- 
composition without a catalyst is not noticeably different 
from the red. 

We have made a series of measurements of the dissocia- 
tion pressure of the yellow oxide by our static method with 
ferric oxide as catalyst. This static method permits the re- 
moval of volatile impurities which is an important point in 
view of the possible serious errors of most static instruments. 
The resulting curve coincides with the red and confirms 
Ostwald’s identity theory. The data upon which this con- 
clusion is based follows: 

Kaiilbaum’s Yellow Oxide and FcjO:, 
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1. It has been shown that the decomposition of mercuric 
oxide is catalyzed by platinum and certain metallic oxides, 

\ 
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2. The dissociation pressure of mercuric oxide has been 
measured from 360° C to 480® C. 

3. Pressures calculated to 200° C and room temperature 
have shown that the oxide is stable in the presence of mer- 
cury in the air, even under greatly reduced partial pressure of 
oxygen. 

4. Mercury may oxidize under atmospheric conditions, it 
is a question of rate, and the rate is evidently markedly 
affected by catalyzers. 

5. The heat of formation as calculated from the dissocia- 
tion pressure has been found to agree with the calorimetric 
results. 

6. The dissociation pressure of the yellow oxide has been 
shown to be the same as that of the red oxide, confirming the 
identity theory. 

7. It has been shown that the mass law requires that a 
solid which dissociates completely into gases is in equilibrium 
with those gases at a minimum total pressure when none of the 
gaseous components are in excess. 

Princeton, N, J. 
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ELECTRICAL CONDUCTIVITY OF SOLUTIONS OF 
MOLYBDENUM PENTACHLORIDE 

STEWART J. LLOYD 

While searching for an Organic solvent from which 
metallic molybdenum might be deposited electrolytically, 
molybdenum pentachloride was dissolved in various solvents 
and the conductivity of the resulting solutions examined. 
Although the primary object of the work was not attained, as 
lower chlorides and oxychlorides were deposited instead of the 
metal itself, the results of the conductivity measurements 
were somewhat interesting, and in view of the importance 
assumed by non-aqueous solutions in the general study of 
electrolytic dissociation they are given here, together with a 
few other measurements of related interest. 

Molybdenum pentachloride was prepared by passing dried 
chlorine gas over powdered molybdenum at the temperature 
of the combustion furnace and collecting the chloride as it 
sublimed over. The powdered molybdenum of commerce is 
far from pure, containing considerable quantities of one or 
more oxides, as well as of iron, and considerable trouble was 
experienced in obtaining a pure product. The simplest way 
was finally found to be to pass a stream of chlorine over the 
powder until the appearance of the sublimed material showed 
that no more iron and oxychloride was coming over, then to 
continue the chlorination, collecting and using the distillate. 
Iron chloride, and the molybdenum oxychlorides invariably 
pass over first, at a much lower temperature than the penta- 
chloride. 

Prepared in this way the chloride is almost black, and 
highly crystalline. It takes up moisture with great readiness 
from the air, yielding hydrochloric acid and an oxychloride, 
and great care is necessary to keep it dry. In making the 
conductivity measurements the chloride was distilled directly 
into the weighed conductivity cell. 

Molybdenum pentachloride proved to be very soluble in 
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all the organic solvents used, though its conductivity in them 
varied within wide limits, the acetates (methyl and ethyl), 
giving solutions which conduct almost as well as do aqueous 
solutions of common salts, while sulphur chloride and carbon 
tetrachloride solutions of the pentachloride do not conduct 
appreciably. A curious relation was found to hold between 
the color of the solutions and the change in molecular con- 
ductivity on dilution. Molybdenum pentachloride dissolves 
in organic solvents with the production of one of two colors, 
a beautiful green ranging from nickel in the acetates to olive 
in the benzoates, or a deep red-brown. Solutions having a 
green color showed a decrease in molecular conductivity on 
dilution, those with a red-brown color either did not conduct 
appreciably or showed an increase in molecular conductivity 
when diluted. In the case of acetone, the molecular con- 
ductivity first decreased and then increased, the solution re- 
maining green throughout. 

The measurements were made in a conductivity cell of 
the usual type, at a temperature of 18° C. ft and V have their 
usual meaning. 


Solvent 

Methyl acetate 

Solvent 

Kthyl acetate 

A* 

V 1 

M 

1 

51 

2600 ' 

I . 12 

1 

1 3200 

3-9 

5200 
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1 6400 

3-33 

10400 

0.84 

1 12800 

2 .91 

20800 

0 82 

1 256CX) 

2.^8 

4i6(X) 

— 
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Both of these solvents gave beautiful nickel green solu- 
tions with the pentachloride. It will be noticed also that the 
molecular conductivity diminished with dilution for both of 
them. The methyl acetate solution was almost as conductive 
as the standard potassium chloride, although it was far from 
saturated. It will not be surprising if methyl acetate proves 
to be a solvent of some value for the electrodeposition of 
metals. 
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In isobutyl acetate and in methyl benzoate, molyb- 
denum pentachloride produced olive green solutions with but 
slight conductivity. In both cases the molecular conductivity 
decreased on dilution, but satisfactory measurements were not 
made, on account of the high resistance. 


Solvent 

Acetone 1 

Solvent 

Benzaldehyde 


1 ■ V' '• 


V - - 

2 .02 

j ’ 2925 j 

2.4 

2900 

1.99 

' 5850 ! 

2.15 

1 5800 

2.36 

1 11700 1 

2.05 
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2.90 

23400 ! 
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46800 li 

— 

— 

3*75 

' 103600 ! 

— 
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The acetone solution was deep green, the benzaldehyde 
olive green. On account of the difficulty of keeping the 
benzaldehyde free from benzoic acid, no great accuracy is 
claimed for the results obtained with it. Acetone was the only 
solvent used for which a minimum of molecular conductivity 
was observed. 


Solvent 

Pyridine | 

Solvent 

Glycerine 


■ , V' ' j 

M 

V 

1. 14 

3150 j 
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1 .42 
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Both of these solutions were reddish brown in color, and 
in both the molecular conductivity increased regularly on 
dilution. 

Acetic anhydride gave a green solution, the molecular 
conductivity of which decreased on dilution, while sulphur 
chloride (SjClj), carbon tetrachloride, nitrobenzene, nitro- 
toluene, ethyl bromide, quinoline, and carbon disulphide, all 
gave dark red solutions, which were practically non-con- 
ducting. 
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Fig. I gives the curves made by plotting the molecular 
conductivity against the logarithm of the dilution for a number 
of the solutions. It is probable that the solutions which show 
a molecular conductivity decreasing with dilution really 
possess a minimum, after which the molecular conductivity 
increases in the usual way. Acetone actually sliows this, 



and it appears that methyl and ethyl acetate solutions ap- 
proach it. Similar phenomena have been noted by Walden, ‘ 
Franklin and Kraus, ^ and by Franklin and Gibbs’ for solu- 
tions in liquid ammonia, and especially in methylamine. 

University of Alabama 
March, 1913 

^ Walden: Zeit. phys. Chem., 54, 141 (1906). 

® Jour. Am. Chem. Soc., 27, 204 (1905)- 

* Ibid., 29, 1389 (1907)- 


THE electrochemistry OF LIGHT, 


BY WILDER D. BANCROFT 

In i8i8, Grotthuss^ formulated two laws of photochemistry: 

I. . Only those rays of light which are absorbed can produce 
chemical action. 

II. The action of a ray of light is analogous to that of a 
voltaic cell. 

The first of thCvSe law^s is usually attributed to Draper who 
rediscovered it. In the preceding papers of this series, I 
have shown the usefulness of the second law as a working 
hypothesis. The time has now^ come when both of these laws 
can be worded more broadly. The general understanding 
of the first law is that only those rays of light, wdiich are ab- 
sorbed, can produce chemical action but that all of the ab- 
sorbed rays are not necessarily active. For instance, Byk® 
points out that Fehling’s solution is decomposed by light having 
a wave-length somewhat less than 400/^/^ wdiile it is not sen- 
sitive to light corresponding to the absorption band in the red 
and yellow. There seems to be no sound, theoretical reason 
for distinguishing two kinds of absorption bands, one of which 
corresponds to a conversion of light into heat only, w'^hile, with 
the other, we have a partial conversion of light into chemical 
energy. It is much more rational to assume that, in some 
cases, the action of the light is not sufficient to produce meas- 
urable chemical change under the conditions of the experiment. 
This is in harmony with wffiat we already know% namely, that 
many substances are sensitive to light only wffien suitable 
depolarizers^ are present. I therefore propose changing the 
first law to make it read that all radiations tend to decompose 
the substances which absorb them.*^ Whether any measurable 

* Based on a paper read before the Eighth International Congress of Applied 
Chemistry in New York, vSeptember, 1912. 

“ Cf. Jour. Phys. Chem., 12, 212 (1908). 

* Zeit. phys. Chem., 49, 659 (1904). 

< Bancroft: Jour. Phys. Chem., 12, 230 (1908). 

® Bancroft; Jour. Am. Chem. Soc., 33, 92 (1911). 
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change takes place depends upon other conditions. With 
some silver salts or with Eder’s solution of mercuric oxalate, 
we get visible decomposition by light. With chromium salts 
we get no measurable change unless some reducing agent is 
present but it can be a very weak reducing agent. With some 
substances, the action of light causes fluorescence or phosphor- 
escence, thus indicating the occurrence of chemical changes 
even though there may be no appreciable decomposition. 
With a copper sulphate solution there is no apparent effect 
due to light and yet it is certain that the difference in the light 
sensitiveness of a copper sulphate and a silver sulphate solu- 
tion is merely a difference in the strength of the depolarizer 
needed. This point of view has been confirmed by some ex- 
periments made recently in my laboratory. Leighton' showed 
that Fehling’s solution could be reduced by red light provided 
a suitable amount of hydrociuinonc was added as depolarizer. 
Fiennett'^ showed that a copper sulphate solution is reduced 
by light when a dilute solution of phosphorus in ether is pres- 
ent. In this case we do not get metallic copper as an end- 
product because the copper reacts with the excess of phos- 
phorus to form phosphide. Luther and Michie® state that 
uranous sulphate in acid solution reduces copper sulphate to 
metal. By taking a dilute enough solution of uranous sul- 
phate it would easily be possible to arrange the concentrations 
so that metallic copper would be formed in the light and not 
in the dark. 

When formulating the improved form of Grotthuss’ first 
law, I used the word radiations instead of light, intentionally 
because this enables me to include cathode rays, etc., which 
some people might object to classifying as light. They must 
be included because the same general laws apply in all these 
cases. 

While we now postulate that all radiations, which are ab- 
sorbed, tend to produce chemical change, we do not of course 

^ Jour. Phys. Chem., 17, 205 (1913)- 

“ Ibid., 16, 782 (1912). 

* Zeit. Elcktrochemie, 14, 826 (1908). 
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postulate that different wave-lengths have the same effect. 
In the case of Fehling’s solution, the ultra-violet rays are able 
to cause decomposition without the addition of a depolarizer, 
while the red rays cannot. The absorption of light by bromine 
is much more marked in the greenish-blue and the blue than 
it -is in the yellow-green and the orange; but it is the rays 
corresponding to the latter absorption which are the most 
effective in bringing about the reaction between bromine and 
toluene.* The efficiency of particular wave-lengths is a mat- 
ter about which we can make no predictions at present. Until 
we get some sort of theory in regard to the relation between 
the intensity of an absorption and the change of chemical po- 
tential, we can do nothing more than recognize the fact that 
all radiations which are absorbed tend to cause chemical 
change; but that the efficiency of any particular wave-length 
of light depends upon factors which have not as yet been 
formulated clearly. 

While the statement that light acts like a voltaic cell has 
proved to be an excellent working hypothesis for cases involving 
oxidation and reduction, its usefulness is not so striking in 
cases involving alio tropic modifications or polymerization. 
It is tnie that Berthelot'* has shown that soluble sulphur can 
be obtained at the anode by electrolyzing a solution of hydrogen 
sulphide and that insoluble sulphur can be obtained at the 
cathode by electrolyzing a solution of sulphuric or sulphurous 
acid; but this is not really analogous to the action of light 
because light produces insoluble sulphur by acting on sulphur 
and not on hydrogen sulphide or sulphurous acid. It is also 
very probable that what one gets during electrolysis depends 
primarily on the conditions under which the sulphur is set 
free and that insoluble sulphur is not electropositive sulphur 
in any proper sense of the term. At one time that did not 
disturb me, but, at that time, I expected to be able to prepare 
dianthracene electrolytically.’ We have since tried to do this 


' Schramm and Zakrzewski. Monatsheft, 8, 299 (1887). 
“Ann. Chim. Phys., (3) 49, 448 (1857). 

® Trans. Am. Rlcclrochcm. Soc., 13, 257 (1908). 
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by dissolving anthracene in sulphuric acid and in other ways, 
but we have not been successful. Of course, it is possible that 
somebody else may succeed later in making dianthracene elec- 
trolytically; but nobody has done so as yet, and I am willing 
to abide by the results of this, admittedly crucial, test. It is 
also not absolutely satisfactory to have to say, in the case 
of organic substances, that light produces the same decomposi- 
tion products that we should get if we could electrolyze the 
substance in question, which we know we cannot do. It sounds 
a little like the Gilbert and Sullivan problem: “If I can 
wheedle a knife or a needle, then why not a silver churn?’’ 

. There is another, more serious, objection to the Grotthuss 
generalization in its present form. The selective action of 
light is much more marked than the selective action of the 
current. We can take a solution containing cadmium and 
copper sulphates and w'e can precipitate metallic copper by 
regulating the voltage. We cannot, however, precipitate cad- 
mium from that solution before the copper, though we can do 
it if we change to a cyanide solution. Suppose that w'e have 
two dyes of different colors which are oxidized about equally 
readily. By changing the wave-length of the light we can 
cause one dye or the other to oxidize in the air. So far as I 
know' the only analogy to this in electrochemistry is the re- 
duction of nitrates and nitrites.* At a smooth platinum 
cathode nitrite is reduced more readily than nitrate while the 
reverse is true at a spongy copper cathode. One difference 
between light and the electric current is that the current is a 
single reagent except in so far as the specific nature of the elec- 
trode may make a difference, while light is a mixture of reagents. 
Light of one wave-length may act on one substance and light 
of another wave-length on another, or lights of different 
wave-lengths may cause the same substance to react in different 
ways. This is not covered by the Grotthuss formulation and 
it is therefore necessary to make a more general statement. 


Miiller and Spitzer: Zcit. Electrochemie, ii, 509 (1905)* 
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1 propose the following generalization as an improvement 
on the two laws of Grotthuss : 

All radiations which are absorbed by a substance tend to 
eliminate that substance. It is entirely a question of chemis- 
try whether any reaction takes place or what the reaction 
products are. 

This is precisely analogous to the formulation which I have 
given* for electrolysis. “In the case of electrolysis the only 
specific action which we have to attribute to the current is 
that it tends to set free the anions at the anode and the cations 
at the cathode. What happens over and above that is a ques- 
tion of chemistry, depending on the reaction velocity and 
equilibrium relations in each particular case.” 

The formulation which I have given for the action of light 
covers the cases of oxidation and reduction as well as does the 
formulation of Grotthuss. What I wrote four years ago,* 
is equally applicable today: “The chemical effect of the light 
is merely to eliminate, if possible, the substance absorbing the 
light. Whether the elimination takes place as a result of 
oxidation or of reduction is a matter w'hich is quite independent 
of the light and which depends on the nature of the depolarizer. 
If the depolarizer is a sufficiently strong reducing agent,we 
get reduction by light. If the depolarizer is a sufficiently strong 
oxidizing agent, we get oxidation by light. If it is not suffi- 
ciently one or the other, we get no action by light. A very 
good instance of the variable action of light is to be found in the 
case of mercurous chloride. In the presence of a sufficiently 
powerful reducing agent, light reduces mercurous chloride to 
metallic mercury. In the presence of a sufficiently powerful 
oxidizing agent, light oxidizes mercurous chloride to a mer- 
curic salt. If there is no more suitable depolarizer, the mer- 
curous chloride itself acts as a depolarizer and is changed to 
mercmy and mercuric chloride.” 

When we come to the case of oxygen, we now find it all 
plain sailing. Light which is absorbed by oxygen tends to 

* Bancroft; Trans. Am. Electrochem. Soc., 8, 33 (1905). 

^ * Ibid., 13, 246 (1908). 
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eliminate the oxygen and we get the fonnation of ozone or of 
ions as the case may be. Light, which is absorbed by ozone, 
tends to convert the ozone back into oxygen. In this case 
we get light accelerating both reactions, but not the same light. 
It is easy to see, however, that we might have a case where 
the displacement of equilibrium in one direction by light 
might be small owing to low efficiency or to absence of certain 
wave-lengths, in which case light might apparently have very 
little effect on one modification, under the conditions of the 
experiment. This appears to be true with phosphorus. 
Ultra-violet light converts white phosphorus into red phos- 
phorus; but nobody has hitherto noted any photochemical 
change of red phosphorus into white phosphorus. Such a 
change must take place at some temperature and with some 
wave-lengths of light. With the theory to guide him, Mr. 
Leighton has succeeded in converting red phosphorus into 
white phosphorus, using green light. It must be possible 
also to convert insoluble sulphur into soluble sulphur by 
means of light; but here we are hampered by experimental 
limitations in case the important rays are in the ultra-violet 
as they may well be. I know of no satisfactory method of 
obtaining approximately monochromatic light of any given 
wave-length and of high intensity. The amount of ozone ob- 
tained by the silent discharge is the difference between the 
amounts formed by waves shorter than 3oo/</« and that de- 
composed by waves longer than ioonfi. If the chemical 
action of the waves longer than ^oofin had been somewhat 
more vigorous, or if that of the shorter waves had been some- 
what less vigorous, we should not get any ozone by means 
of the silent discharge, even though ozone could still be made 
readily if the wave-lengths above ioo/ifi could be shut off. 
The phosgene equilibrium offers an interesting illustration 
of the principle involved. Weigert* worked at too high a 
temperature (500°), and in glass vessels which cut off the 
ultra-violet light. He found no displacement of equilibrium 


' Dntde’s Ann., 34, 55, 243 (1907). 
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by light and he worked out a theory to account for this. 
Coehn and Becker* worked at room temperature with quartz 
tubes and found that COClj is decomposed chiefly by light 
having wave-lengths shorter than 265/^/*. This was a par- 
ticularly simple case because glass acted perfectly as a screen 
for the active rays while quartz did not. What we need is a 
general method. When we get a suitable way of getting ultra- 
violet light of any given wave-length, we shall undoubtedly 
be able to demonstrate the photochemical conversion of in- 
soluble sulphur and of dianthracene into anthracene. The 
photochemical change of soluble sulphur into insoluble sulphur 
and of anthracene into dianthracene is covered by the formula- 
tion, which also foresees the possibility of certain rays causing 
anthracene to fluoresce’ while others change it to dianthracene. 

The results of this paper may be summed up as follows : 

1. It is correct to say that only those rays which are ab- 
sorbed produce chemical action ; but it is incorrect to add that 
some absorbed rays have no tendency to produce chemical 
action. 

2. The statement that light acts like a voltaic cell is not 
adequate to account for all the facts, though it has proved an 
admirable working hypothesis up to a certain point. 

3. The most satisfactory formulation of the chemical action 
of light is that all radiations which are absorbed by a sub- 
stance tend to eliminate that substance. It is a question of 
chemistry whether any reaction takes place and what the 
reaction products are. 

4. Different radiations may cause the same substance to 
react in different ways. 

5. We have, as yet, no theory which will enable us to pre- 
dict the relative efficiencies of lights of different wave-lengths. 

Since the Grotthuss formulation has now been superseded, 
this paper is the last one of this series. The future work on the 
chemical action of light will be published under a different title. 

Cornell University 

* Ber. chem. Ges. Berlin, 43, 130 (1910). 

^ Cf. Miss Stevenson: Jour. Phys. Chem,, 15, 845 (1911). 



THE INTERNAL PRESSURES OK LIQUIDS 


BY ALBERT P. MATHEWS 

The fundamental significance of the constant “a" of van 
der Waals’ equation makes its exact determination important. 

Various methods have been proposed for the determination 
of this constant, but none of them are entirely satisfactory. 
In a recent paper' attention was drawn to a method by which 
it could be determined from the surface tension by the use of 
Thomas Young’s formula, T ^ rK '3, combined with the 
law of Ramsay and Shields, and the values thus computed 
were shown to be closely similar for most substances to the 
values computed by van der Waals’ method from the critical 
temperature and pressure, but in some cases they deviated 
considerably from his values. 1 found, also, that the values 
of the constant “a” obtained by this method were simple 
functions of the products of the molecular weight and the 
number of valences in the molecule and that they could be 
computed from these values Inasmuch as the method 
used in computing from the surface tension involved 
the value of the density at absf)lute zero, which was computed 
from Cailletet and Mathias’ law of the rectilinear diameter, 
and involved, thereff)re, some uncertainty and was certainly 
too high, it was desirable to find a method of computing "a" 
directly from the surface-tension measurements. 

The desire of finding such a method w'as stimulated by the 
present great uncertainty of the value of the internal pressures 
of liquids. Traube" has within the past few years computed 
the internal pressure for many liquids, but the results he has 
obtained are, in my opinion, unreliable because his method of 
computation involves the use of the value “/>” the real molec- 
ular volume or co-volume, a very doubtful value. The values 
he finds for the internal pressure at zero degrees are, also, 
widely different from those computed by the use of “a” found 

^ Mathews: Jour. Phys. Chem., 17, 154 (19*3)* 

Traube: Zeit. phys. Chem., 68, 291 (1909). 
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at the critical temperature; and in some cases they are not 
more than half those calculated recently by Lewis* from the 
latent heats of expansion of liquids. 

Walden,’ also, has recently calculated the value of “a” and 
the internal pressure from the surface tension. His calculation 
is, however, almost wholly empirical. 

It is based, first, on Stefan’s conclusion’ that it takes one- 
half the work to move a particle into the surface which is 
required to carry it all the way to the vapor; and, second, 
upon an empirical relationship found by Walden between the 
surface tension and the molecular latent heat at the boiling 
point. It is, however, by no means certain that Stefan’s 
conclusions are correct and his reasoning does not carry con- 
viction. There is, also, probably an error in the assumption 
that the molecules do not change in size on passing from the 
liquid to the vapor and that the latent heat of vaporization 
represents only the work done in overcoming molecular co- 
hesion. Finally Walden’s values for “o” resemble Traube’s. 
“a” is always much less than when computed by van der 
Waals’ method from the critical data and mtich less than the 
values of Lewis. The values which Walden has obtained are 
about two-thirds the values given in this paper. 

Values still smaller have been computed by Davies* from 
the latent heat of vaporization. The values he obtains are 
only about one-third those of Lewis. Winther’ has still other 
results. 

Many modifications of van der Waals’ equation have been 
proposed in which “o” was considered variable with the tem- 
perature and “ft” more, or less, constant. These attempts 
have not been fruitful. It is far more probable that “ft,” 
the volume correction, varies with temperature and volume 
and that “o,” which is the “mass” factor of the cohesion, is 


^ Lewis: Phil. Mag., [6] 25, 61 (1912). 

® Walden: Zeit. phys. Chem., 66, 385 (1909). 
® Stefan: Wied. Ann., 29, 655 (1886). 

^ Davies: Phil. Mag., [6] 24, 422 (1912). 

^ Winther: Zeit. phys. Chem., 60, 603 (1907). 
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constant, “a,” indeed, as van der Waal’s has repeatedly 
shown, should be considered constant unless association, or 
quasi-association, occurs, ‘‘a” contains the factor N 
being the number of molecules in the volume, V, hence any 
association will lower “a” by this factor. 

The wide divergence of these various values proposed for 
the internal pressure is shown in Table i expressing the internal 
pressure in atmospheres at zero degrees, except in the case of 
Walden where the values are for the boiling points and Davies 
for 15° C. 

TahIvE I 


Substance 

Davies 

15 “ 

Traube 
0° ! 

Walden 
b. i>. 

* V. d. Waals 
0° 

Lewis 

W'inthcr 

Benzene 

' I 1 02 


i 57 « 

2494 

2639 

1792 

Toluene 

. 1188 

1180 

1340 

2228 

2847 

— 

Cyniene 

661 

-- 1 

— 

— • 

2718 


Kther 

77 « 9 

990 

5 1150/ 

/ 12 IO\ 

1490 

1723 

1932 

I 

1 1220 

CCh 

1076 

*305 i 

2205 ! 

i 2518 

1 680 

CS., 

1 683 

1 1980 

2170 

33 ^^^ ; 

i 2917 


Et acetate 

1 

2210 

\i 2 .So/ 

-- 

2466 

1 486 


In this paper are given the values of “a” obtained in several 
quite different ways, all of which yield closely agreeing results. 

1. The first method is a computation from the surface 
tension. The assumption involved in this method is the depth 
of the surface film expressed in the number of molecular 
layers. That the assumption is correct is proved by the out- 
come. 

2. The second method is a modification of Thomas Young’s 
method combined with the law^ of Eotvos as developed in my 
former paper, but with certain corrections. 

3. In the third method “a” is computed from van der 
Waals’ equation at the critical temperature, the assumption 
being made that in all normal substances 2V,. =- 2\\ /S, 
S being the critical coefficient and equal to RT^/ V^P,. 

4. In the fourth method “a” is computed from the internal 
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latent heat of vaporization close to the critical temperature. 
The only assumption made here is that Mills’ or Dieterici’s 
formula for the internal latent heat is more correct close to 
the critical temperature than the internal latent heat computed 
by Biot’s formula. 

5. Finally “a” is computed from the number of valences 
and the molecular weight by the formula: c = C(M X Val)*''-’. 

1. Computation of “a” from the Surface Tension 

The surface film is determined by the difference of cohesive 
attraction in the vapor and liquid. The surface energy must, 
hence, be a function of the difference in cohesive energy in the 
liquid and vapor, or of the expression a{i/Yi — i/V*). This 
cohesive energy has been lost in passing the liquid through 
the surface layer which separates the two states and should 
be calculable from the surface tension. 

Suppose we have a sphere of a gram mol of a liquid in con- 
tact at all points with its saturated vapor. Its density is 
uniform except in the surface film where it decreases by a 
series of steps from liquid to vapor density. The surface 
film may be conceived as a series of concentric shells, each a 
molecular diameter thick, and each outer one less dense than 
the inner until the state of uniform vapor density is reached. 
Furthermore, on passing from one of these molecular shells 
lying w'ithin to the one next beyond it, always the same amount 
of cohesive energy will be lost, if the density diminishes uni- 
formly from shell to shell. 

The surface tension T, is the tension along a line i cm. in 
length in the surfa!ce film and one molecular layer deep. It 
represents the force necessary to stretch the surface, that is 
to rupture one of these shells, and thus drag one, or more, 
molecules from the inner core of uniform density into the first 
concentric shell; and of course the force necessary to drag 
molecules from the first shell to the second, and from the second 
to the third and so on, since the same force is necessary to 
drag molecules from each inner shell to the next outer. This 
tension, T, is numerically equal, also, to the surface tension 



The Internal Pressures of Liquids 607 

energy per square cm. of the surface film. For each con- 
centric shell of the surface one molecular diameter deep, the 
surface energy is, then, T times the surface, or and the 

total energy in the surface or a, will be equal to this amount 
multiplied by the number of shells, which we shall represent 
by the letter n, thus we have the equation : 

(1) <T = rv'''»n 

If now a gram mol of liquid passes from liquid to vapor it 
must pass through this surface in which surface energy is 
gained at the expense of the cohesive energy which is lost. 
To determine the total amount of energy which is thus changed 
in passing the whole gram mol through the surface, it is only 
necessary to determine how many times we shall have to make 
a new surface shell until the whole of the gram mol has passed 
through. Since the total number of molecules in the gram 
mol is N, and there are in a surface shell molecules, we 
shall have to make a new surface times, or N' times. 

The total energy then which will be gained as surface tension 
energy will be S, or 

(2) L’ = 

This same value may be obtained, also, in the following 
way: The surface tension measures the force necessary to 
overcome the surface tension pressure along a line 1 cm long 
and a molecular diameter deep. The surface-tension pressure 
per sq. cm acting in the plane of the surface is hence T 
V being the volume of a single molecule. Multiplying numera- 
tor and denominator by N ' ' w'e have the pressure per square 
cm -'/Y'i'. If this pressure work through the volume V,, 

the volume of one gram mol, we have the surface tension energy 
if a whole gram mol were present as a surface shell, or 
Multiplying this by the number of shells, or «, w'e have our 
former expression. 

Equation (2) contains the unknowm factor “w,” that is the 
number of layers one molecular diameter thick constituting 
the surface film. Since I knew of no way of measuring this. 
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the following assumption was made based on van der Waals’ 
conclusion that the surface film is infinitely thick at the critical 
temperature. At absolute zero, where the molecules are 
presumably in contact, it may be assumed that the surface 
film is only a single molecular diameter deep. At the critical 
temperature, on the other hand, it must be infinitely deep. 
That is, no matter how many layers of molecules one passes 
over, one can never, at that temperature, get to a region of 
differing density. Between absolute zero and the critical 
temperature the depth of the surface film must lie between 
these two values, increasing with the temperature, and pre- 
sumably in all normal substances at corresponding tempera- 
tures it will be the same number of molecular layers thick. 
I accordingly made the guess that it would be equal to 
(Tc/(Tc — T))*''-' molecular diameters since this fraction is equal 
to (do/(d, — dj)* (see page 617). This guess turned out to be 
correct if Eotvos surface-tension figures are used, but if Ram- 
say and Shields’ are taken the fraction must be raised to the 
0.76 power and even then the value of "a” computed by this 
assumption runs down near the critical temperature. Since 
Eotvos measured the surface tension by a method which en- 
tirely avoided any assumption as to the angle of contact and 
Ramsay and Shields u.sed the capillary method, which involves 
such an assumption, I believe Eotvos figures and his statement 
of the law is to be preferred. That his formula of = 2.^7 

(Tc — T) is to be preferred on other accounts is shown by the 
calculations which follow: 

The total surface energy gained by passing a gram mol 
through the surface is hence : 

(3) S - 7 'Vy^'/’(Tc/ (Tc — T))o .76 ergs ; or 

(4) 2 = rv“''''’N’’'»(Tc/(Tc--T))'^“ergs. 

Formula (4) is to be preferred, when the surface tension is 
measured by methods which do not involve the angle of 
contact. 

We only have left to find the relation between the amount 
of energy thus lost and the difference in the cohesive energy 
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in a gram mol of liquid and vapor, respectively. I think that 
the total surface-tension energy must be one-third of the total 
difference in cohesive energies in equal weights of the two phases 
separated by the surface. The energy in the surface is an 
expression of the difference in cohesive pressure in one direction 
only, whereas the two phases differ in their cohesion in three 
dimensions. That the value one-third is correct is shown by 
the computations which follow. The value one-third was that 
adopted also by Young more than a century ago, but his 
reasoning is so condensed that it is hard to follow. His 
statement is as follows 

“Upon these grounds we may proceed to determine the 
actual magnitude of the contractile force derived from a given 
cohesion extending to a given distance. Supposing the cor- 
puscular attraction equable throughout the whole sphere of 
its action, the aggregate cohesion of the successive parts of 
the stratum will be represented by the ordinates of a parabolic 
curve; for at any distance x from the surface, the whole in- 
interval being a, the fluxion of the force will be as dx{a — .r), 
since a number of particles proportional to dx will be drawn 
downwards by a number proportional to o, and upwards by 
a number proportional to x, and the whole cohesion at the 
given point will be expressed by ax - x^/^ ; and this at last 
becomes a*/j, which must be equal to the undiminished co- 
hesion in the direction of the surface. Consequently the dif- 
ference of the forces acting on the sides of the elementary 
cube will everywhere be as a~,\, — ax -f x^/^ and the fluxion 
of the whole contractile force will be dx(a^j^—-ax + 
the fluent of which when x = a becomes a*/„, which is ‘ / , of 
a xa-J^, the whole undiminished cohesion of the stratum." 
“We may, therefore, conclude, in general, that the contractile 
force is one-third of the whole cohesive force of a stratum of 
particles equal in thickness to the interval to which the primi- 
tive equable cohesion extends,” or T = aK/3. 

Accepting this coefficient of */, of Young in place of that of 

* Young, T: “Article on Cohesion,” collected works, p. 4f)o. 
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Vj of Stefan, or ’/j, as computed by Lord Rayleigh, we have 
the complete formula 

(5) o(i/V» - I/V.);3 = r\^^‘N'^»(Tc/(Tc - T))“/». 

Changing to density in place of volume on the left hand side 

we have 

(6) o = 37 'V;;''»N’^“M(T./ (Tc— T))“''7 (d. — dr) ; 

or if Ramsay and Shields’ surface-tension figures are used 

(7) a = 37'V^*N'''*M(T./ (Tc — T))«’«i/ {d, — dv) . 

The result is given in dynes for gram mol quantities. M is 
the molecular weight; and liquid and vapor density, 
respectively; N, the number of molecules in a gram mol, is 
6.21 X lo^®; T is the surface tension in dynes; Vj, the volume 
of a gram mol at temperature, T. 

From the foregoing it appears that Vg of the internal latent 
heat of vaporization is due to the cooling caused by the in- 
crease of the surface brought about by the transfer of molecules 
from the region of uniform density into the surface, and their 
passage through the surface. 

In Table 2, I have given the calculation of “a’' by formula 
(7) for a number of substances using Ramsay and Shields’, 
or Ramsay and Acton’s or Renard and Guye’s surface-tension 
determinations and the densities from S. Young’s' recent 
work. 

In Table 2 the constancy of “a” is shown to be good for 
normal substances, except near the critical temperature where 
it generally falls off somewhat. This may be due to the 
inaccuracy of the surface tension close to the critical tempera- 
ture, but it is more probably due to the fact that the thickness 
of the surface layer in molecular diameters is not properly 
represented by the expression (T<,/(T^ -T))®*^“ and possibly 
to the influence of the angle of contact. 

There is in general a tendency of the value of “a” to rise 
except near the critical point, and this tendency is most pro- 
nounced in an associating substance such as ethyl alcohol. 

The agreement is admirably clear to the critical temperature 

* Young, S’ Proc Roy. Dublin Soc., 12, 374 (1910). 
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if the computation is made by Eotvos formula, for TV]''' in 
the manner shown farther on (Table 6). 

I may repeat, to make the point quite clear, that I think by 
taking the value (T^/(T^ -T))®*’® in place of the theoretical 
value (T^/(T^. — for these surface-tension measurements 
we offset, at least approximately, some constant source of 
error, possibly the angle of contact, involved in the determination 
of the surface tension by the capillary method. The opinion 
has been expressed by others that the error due to the neglect 
of the angle of contact, or the assumption that it is zero, will 
increase with the temperature. 

Table 2 

in dynes for a gram mol computed by formula (7) 
Methyl formate * Ethyl acetate Benzene 



a X 

! 

j a X lo”*'* 


1 a X 10“ ** 

20 

1.217 

-f 20 

2 338 

1 1 . 2 

2.214 

40 

I 224 

80 

2 366 

46 

! 2.220 

60 

I . 228 

1 KX) 

2 366 

j 80 

2 220 

80 

J 233 

'1 120 

2 370 

j 120 

2 . 235 

100 i 

1*237 

!' *40 

2 367 

j 160 

; 2 242 

120 

I 237 

160 

1 2 368 

j 200 

2 242 

14 (; 

1 231 

* 180 

i 2 368 

j 240 

2.225 

j 6 o 1 

1.218 

200 

2.353 

260 

: 2.179 

180 

I . 193 

:i 220 

, 2 355 

1 270 

1 2.081 

200 , 

1 058 

i 240 

2 193 

280 

! I 521 

210 1 

21 j. 1 

0 885 
T.-' 

i! 245 
i 2 so I 

; 2 107 i 

1 T. ' 

. 288.5 

Tc 


Chlorbenzene Carbon tetrachloride Ivther 

9 5 2 944 II 8 2 393 ; —89 2 2.038 

45.6 2 947 46 2 . 404 i -f 20 2 . 044 

77.1 2.962 80 2 387 I 40 2 039 

150 2.958 120 2 405 ; 60 2.072 

180 2 965 ! 140 I 2 411 70 2 023 

200 2.975 iho 2.422 80 2.021 

220 2.977 200 2.431 100 2 025 

260 2.984 I 220 I 2.401 no 2 023 

310 2.977 I 240 2.344 120 2.020 

359.2 Tr ! 260 2.187 *4<^ 1.990 

j 270 2.483 160 1.918 

— — I 283 Tc 193 2.745 

I in-i R T.. 
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Table 2 — {Continued) 


Methyl butyrate Cymene Anisol Toluene , 


i 

a X 10”^* 

' 

1 ^ 

a X 10“** 

i 

a X 10“^* 

! . 

a X io-‘* 

10 

2 . 706 

II. 9 

4.982 

11 . 1 

3-424 

: I 3 -I 

2.744 

46.2 

2.964 

31.7 

5 013 

33-5 

3.452 

1 29.1 

2.788 

78.2 

3-005 

i 74-5 

5.026 

88 

3.471 

1 78-2 

2 ,k 2 J 

100 

3.040 

j 108.9 

5-055 

119 

3.486 

! 132.5 

2.860 

132.5 

3. no 

134-9 

5 075 

147.9 

3.498 

1 

— 

185 

3 073 

163.4 

5-143 

■ 

— 

• 

— 

2 10 

3 049 

— 

— 


— 

: _ — 

— 

238 

3-093 

— 

— 

— 


1 

- 

281 .3 

Tc 

— 

— 

— 


— 

— 

Piperidine 

cs.. 

CHCI3 

Methyl acetate 

15.2 

2.638 

9 7 

1.277 

10.2 

1-837 

10 

46.2 

I. 719 

46.6 

2 . 664 

46 

1 . 222 

45-5 

1 .860 

1.727 

78.4 

2 .672 

61 

1-434 

77.6 

1 .874 

78.3 

1.746 

132.5 

2 791 


— 

— 

— 

1 132 4 

^^717 

— 


— 

— 

— 

— 

185 

1.770 

— 

i 

' 

— 




200 

1.740 

— 




— 


215 

1 . 720 

— 

i 




— 

232 . 7 

T* 

Ethylene 

Methyl 





dibromide 

Isobutyrate 

Ethyl alcohol 

Ethyl propionate 

12 2 

2 . 776 

10 

2.871 

20 

0.951 

10 

2.903 

44*9 

2 . 842 

46 2 

2.894 . 

40 

0 . 966 

46.2 

2.932 

77.2 

2 912 

78.2 1 

2 .920 1 

100 

I -055 

78.2 

2 .969 

131-3 

3 074 

KX) ; 

2.932 ‘ 

150 

1 .157 

100 

3.004 

— 


J^2 2 ! 

2.937 , 

180 

I 235 

132.2 

3.061 

— 

— 

i «5 1 

2.941 - 

220 

1.485 

185 

3 047 

— 

— 

210 1 

1 

2.947 ! 

— 

— 

210 

3.060 

— 

— 

237.6 1 

2.913 : 

— 

— 

237 . 6 

3.010 

— 

' — 1 

267.7 ' 

Tc i; 

— 

— 

272 .9 i 

T. 


Propyl acetate Methyl propionate Propyl formate Ethyl iodide 


10 

2.917 

10 

2.287 

j 10 

2.270 i 

46.2 

2 954 

46.2 

2 . 302 

1 46.2 

2.278 

78.2 

2.966 

78.2 

2 329 

78.2 

2-331 

100 

2.981 

132 6 

2.350 

: 85 

2 . 334 i 

132.6 

3.010 j 

184.9 

2 - 365 

! 131.7 

2.356 i' 

185 

3.011 ; 

237-7 1 

1 2.278 

li 185 

2.348 f 

210 

2.999 ! 

250 

1 962 ^ 

'i 2 10 

2.339 jj 

238.2 

2 . 980 , 

257 4 : 

Tc ; 

!, 237 

2.312 

276 . 2 

Tc 

— 

1 

1 ; 264.85 

Tc !' 


19. 1 

78.2 
281 


2.034 

2.044 

T. 


Metaxylene 


10 3.408 
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2. Derivation of *‘a” from the Surface Tension by Eotvos 

Law 

By the law of Eotvos the surface-tension energy is 

equal to C(T<.— T). The surface-tension energy is a linear 
function of the temperature counting downward from the 
critical temperature. The derivation of and 

has already been given on page 607. 

a. What is C of Eotvos? 

Eotvos found that C varied between 2.27 and 2.34 as is 
shown in Table 4, but he believed the variation to be acci- 
dental and that C should be constant for all substances. It 
has since been shown that C is not constant. What C is may 
be shown as follows : 

Since the surface energy decreases uniformly with an in- 
crease of the kinetic energy of the molecules, and is accordingly 
a linear function of the temperature, one of the constitutents 
of C must be the gas constant R ; and since there are only N*" » 
molecules in the surface, where N is the number in a gram mol, 
R must be R for a gram mol divided by N’''®. The remainder 
of C should be ' the ratio of the internal to the external pres- 
sure at the critical temperature as that is the point of depart- 
ure. Young has shown that the surface-tension pressure is 
the cohesive pressure; and the greater the external pressure 
the less important the internal pressure will be. Hence C, I 
thought, must equal K^R/3P,-N' •. While the foregoing rea- 
soning was not entirely convincing the result turned out to 
be correct, I believe, as will presently be shown. I have 
uniformly taken N as 6.21 X lo^’ and R as 8.321 X 10’. 

(8) = KcR(Tc - T)/3 PcN''®. 

Since K<, = u/V* we have 

( 9 ) 'lYr = aR(Tc — T) / 3V“PeN'-'® 

( 10 ) a =- 3TAVN’^’7 '\';/“/(Tc — T)S, 

since RT,/V,P, = S, and R = SV^P^/T,. 

Formula (10) gives the second method of computing “o.” 
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The following values in Table 3 were computed by formula 
(10) from Schiflf’s surface-tension figures at the boiling point, 
a is in dynes per gram mol. 

Table 3 


Substance 

s 

a X 



Methyl acetate 

3 940 

15.90 

Propyl acetate 

3-933 

28. 14 

Diisobutyl 

3.811 

40.01 

Benzene 

3-754 

20.52 

Ether I 

3.810 

19. 12 

Hexane j 

3-831 

27.22 

CCI4 1 

3.676 1 

22.60 


These results are uniformly somewhat lower than those 
computed from Ramsay and Shields’ figures by formula (7). 

Returning to the value C of Eotvos formula, the following 
computation shows that it has in it the components ascribed 
to it. 

It was believed, for the reasons given, that C of Eotvos must 
be equal to K^R/sP^N’"'’'. The ratio of the internal to the ex- 
ternal pressure is supposed to be, at the critical temperature, 
very approximately equal to 7. Its real value is as follows: 
If we assume that of van der Waals’ equation is always 
twice the volume at absolute zero, then = 2V„. Since 
V„ = V„/S, fcf = 2Vc/S. If this is so then the ratio between 
Kc and is equal to (S“ — S -I- 2)/(S -2). S = RT,,/V„P,,. 
Hence C of Eotvos must be as follows : 

(ii) C = (S- — S + 2)R/(S -- 2)3N'/». 

Formula (11) can now be tested since C is known to lie 
between 2.27 and 2.34 for several non-associating substances. 
The results of a computation of C by this formula and the 
values given by Eotvos are compared in Table 4. 

The results are evidently closely similar, but unfortunately 
Ebtvbs did not give the value of C for many substances of 
which S is known. 
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Substance 


Methyl acetate 
Methyl butyrate 
Ethyl alcohol 
Pentane (n) 

Ether 
Benzene 
Oxygen 
Carbon dioxide 
Propyl acetate 
Carbon bisulfide 
Chloroform 
Ethylene bromide 



Table 

4 

j s 

i 

c 

computed 

C found by Eotvos 

1 3-943 

2.273 

— 

1 3 907 

2.275 

— 

4025 

2.270 

— 

: 3-761 

2 . 285 

— 

3 806 

2 . 280 

2.280(6-62®); 2.26 (62-120®) 

1 3-794 

2.279 

1 

3-40 

2 355 

— 

3-44 j 

i 2 344 

2 280 

3-933 

1 2 . 280 

1 j 

2 . 287 

— 

1 1 

* 2 37 

— 

— 

2.30 



— 

i 2.27 


2. The Computation of “a” from Thomas Youngf’s Formula 

As pointed out in an earlier paper, the first method pro- 
posed for computing the internal pressure was Young’s, 
namely ; 

(12) T = rK/3 = ra/V='3 

r being the radius of action. If r is taken at absolute zero 
as equal to v' ' we have finally 

(13) T - v '„ ' - M'-K/3r» 

M“K is the factor "a” for a single molecule and the volume 
of a single molecule at absolute zero. In my former paper 
v„ w'as assumed for all except the simple gases to be v^/^, and 
for those gases it was taken as v,,/3.6. Timmermans* has 
recently confirmed S. Young’s finding that the rectilinear 
diameter law gives too high values for the density at low 
temperatures and that van der Waals is correct in taking the 
density at absolute zero as S times the critical density, where 
S is the critical coefficient, or RTf/V<,Pc, w'hich varies with 
different substances between 3.4 and 4. Tv\^' I formerly 

computed by Ramsay and Shields’ equation assuming that it 


Timmermans: Proc. Roy. Dublin Soc., [N S] 13, 310 (1912). 



6x6 


Albert P. Mathews 


held at low temperatures and that Tv^* was equal to 2.19- 
(Te — 6)/N*''» dynes. This, however, gives values uniformly 
lower than method i and I have accordingly reverted to Eotvos 
original formula as already stated according to which 

(14) = C(Tc~T). 

The theoretical surface-tension energy at absolute zero 
should be, then, CT,. ergs for a gram mol, or CT,./N'/» ergs for 
a single molecule. Substituting in (13) we have 

(15) M^KS/at'c = ct*/n'^ 

rhanging to the total volume V, in place of the volume of a 
single molecule, we have ; 

(16) o = N'M=K = CN’^'-’V^Tc/S. 

Since S = RT,./P,.V,. by substitution in the foregoing we 
have: 

(17) a = CN’^TcVc/R ergs. 

The value of C has been given in (n). It can be found also 
by comparing (,17) with (29) which follows. Substituting 
its value we have ; 

(18) a = (S= - S + 2)PcVc/(S — 2) 

which is identical with the formula derived from van der 
Waals’ equation on the basis that be = 2V,;/S. Young’s 
formula, then, at absolute zero yields the same result as the 
others when combined with Eotvos, if, however, we make 
no assumption as to C, but take it, as Eotvos thought it shoixld 
be as constant for all substances, w^e obtain the approximately 
correct value of “a” for all except very simple substances; 

(19) a = 3 X 2.27 N'^'V*Tc/S. 

Computations of “a” by formula 18 and 19 are given in Table 9. 

We may check the foregoing reasoning in the following way 
avoiding any assumption of what fraction of 6^ is. Taking 
Young’s formula: T == rK/3, r being equal to d''"’ at absolute 
zero, multiplying both sides by and then by N we have: 
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(20) = VoK«/3. 

Dividing by and remembering that by (8) 

NV,rv*/.yT, = K,R/P, 

(21) KoVo/jTc = KcR/3Pc. 

As K„ = a/V*, and K, = a/V’ and V„ = V,/S 

(22) i/VoTc = R/VcPc. 

Therefore 

(23) S = RTcIPcVc. 

Formula 23 is true. 

We may also check our reasoning as follows : From for- 
mula (6) a = 3MN'"’TV'' HT,/(T,- -T)Y^^ / (d,— d^) and from (8) 
3N'/^TV^ = K,R(T,-^T)/P, wehave 

(24) a - KcRM(T. — T)'^T“'' 7 Pc(c/, — d^), 

hence 

(23) d , ■ - dv = RM(Tc — T)’^T’'''/V>c. 

The values of d, -d.,. computed by ('25) for ethyl acetate 
compare as shown in Table 5 with those found by S. Young. 


Table 5 — Eth^l Acetate, d , — dv 


t 

Computed ; 

! 1 

Found by S. Young 

-83.4° 

1.078 

1.022 (Timmermans) 

0 

0 . 9490 

1 0.9244 

IOC) 

0 . 8007 

0.7910 

200 

0 5555 ! 

1 0.5630 

240 

0.3356 1 

1 0.3279 

249 

0 2071 

0.1551 

249.1 (T,) 

0 . 0000 

! 0.0000 


At absolute zero (25) becomes d„ = RMTj/V^P,. =- Sd^ 
which is correct. 

Substituting this value in (25) we have 
(26) d, — dv = d„((T, — T) /T,) '/». 

d„ computed by (26) for normal pentane using Timmerman’s 
data for densities below zero and S. Young’s above is as follows : 
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t 

do 

i 

do 

— 136.5 

O .8611 

—35-3 

0.8580 

— 123.3 

0.8581 

— 13.1 

0.8641 

— 116.2 

0.8578 

— 6.2 

0 . 8603 

— Ill .6 

0.8576 

0 

0.8603 

-r- 104.85 

0.8570 

40 

0.8685 

— 74-25 

0.8556 

80 

0.8776 

— 73-95 

0.8570 

100 

0.8818 

— 63.3 

0.8571 

140 

0 . 8882 

— 53-6 

0 . 8566 

180 

0.8832 

— 45-0 

0.8571 

190 

0 . 8762 



197 

0.8443 



197.2 

Tc 


d„ required by the formula: d„ = Sd^, with Young’s value 
of dc, is 0.8736. 

The formula appears then to be correct. 

By substituting in (6) the value of TV*''* found by combining 
(ii) and (14) there is obtained 

(27) a = M((S*-S + 2)/(S — 2))R(T,— T)V3T//V(d,-d,). 

Table 6 contains the results of calculating “a” by this 
formula. 

Table 6 — “a” by Formula (27) in Dynes for a Gram mol 

Oxygen 

Isopentane Pentane (Mathias and Onnes) 


t 

a X io‘ 

t 

a X 

t 

a X 10 

■136.5 

22.52 

—123 

23-^5 

__ 

—210.4 

1 .966 

30.6 

22 63 

— 35-3 

23 30 

—182 

1-956 

0 

22.54 

0 

23 03 

—154-51 

I .966 

50 

22.30 

50 

22.84 

— 140.2 

1.966 

100 

22 .00 

100 

22.70 

Ether 

150 

21.83 

150 

22.38 

170 

22 .01 

180 

! 22.48 

89.2 

20.53 

180 

22.25 

190 

1 22.66 

+ 20 

20.34 

187 

22.73 

195 

' 22 81 

100 

19-95 

187.8 

T. 

197 

! 23.51 

150 

19.81 



197.2 


180 

19.90 




1 

190 

19.85 




j 

193-8 

Tc 
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This formula gives remarkably constant results for the cal- 
culation clear to the critical temperature from nearly the 
point of solidification. The results are in agreement with 
other methods of calculating “a” already given or to be de- 
scribed. The density values for all except oxygen are those 
of Timmermans or Young. 

8. Compatation of “a” from van der Waals’ Equation at 
the Critical Temperature assuming that he = 2Vo = 2Vr/S 

The values for “o” computed by the preceding methods 
from the surface tension agree w'ith those computed from van 
der Waals’ equation at the critical temperature assuming that 
be, the co-volume, or the real volume of the molecules, is always 
in all normal substances just twice the volume at absolute zero, 
or that be = 2V„. As the volume at absolute zero is equal to 
the critical volume divided by S, wdiere S = RT<./VfPf, 
be = zVf/S. Applying this to the equation, since V^PcS ^ 
RT, w'e have 

(28) a - (S---S 2)T;R^'(vS='(S— 2)P,);or 

(29) a = (S-’ - S -t- 2 )PeVll (S — 2) . 

Formula (28) which corresponds to van der Waals’ formula: 
a = 27T;/(64 X 273“ X Pf), has been used in computing 
"a" in Table 8. The values thus obtained are practically 
identical with those computed from the surface tension. 

Formula (29) has already been obtained as (18). 

4. The Computation of “a” from the Internal Latent Heat 

of Vaporization 

That the foregoing values of “a” are correct is proved by 
their agreement wdth the values computed from the internal 
latent heat of vaporization close to the critical temperature. 

If all the internal latent heat, L was used in overcoming 
molecular cohesion, then the equation should hold 

(30) ; = L-E = a(i/V, — i/V„), 

where L is the total latent heat and E the external work. 
This equation does not hold except close to the critical tern- 
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perature, since as we go to lower temperatures “o,” computed 
by this formula, becomes steadily larger. This is owing to 
the fact that some of the latent heat is consumed in doing other 
things than in overcoming molecular cohesion, a part probably 
being rendered latent by an actual expansion of the molecules. 
ji is . the latent heat used in increasing the intramolecular 
energy. It vanishes close to the critical temperatures. I 
have, therefore, computed “a” by this formula within a degree 
or so of the critical temperature. At temperatiures lower than 
this “o” by this method will be found too large, but within a 
fraction of a degree of the critical temperature the change 
in the size of the molecules is probably negligible. To find 
at this temperature I have computed it from S. Young’s 
recently published data of the liquid and vapor densities 
using Mills” formula for the computation of k, namely. 

Table 7 — Computation op “o” for One Gram Mol from Internal 
Heat (Neglecting ju) 


Substance 


Pentane (n) 

Pentane (iso) 

Hexane 

Heptane 

Octane (w) 

Hexamethylene 

Ether 

Carbon tetrachloride 
Benzene 
Fluorbenzene 
Chlorbenzene 
Methyl formate 
Methyl acetate 
Methyl propionate 
Ethyl acetate 
Propyl formate 
Ethyl propionate 
Methyl butyrate 
Methyl isobutyrate 


Distance from the 
critical temperature 


• 05 ^ 

-0.4 
-0.8 

-3-5 
>- 6.2 
-1 .0 
-0.8 
“3 15 

>15 

—6.55 
— 89.2 

— 0.5 

—0.7 

—1.4 

— 1 .0 

“ 4-85 

—2.9 

— *1-3 

—1.05 


a X 

2 . 108 
2.065 
2.814 
3.616 
4-575 

2 - 445 
1-945 
2.202 
2.II2 

2.266 

3,260 

I 145 
1.772 

2.349 

2.359 

2.395 

3 - 058 
2.989 
2.892 


‘ Mills: Phil. Mag., 21, 85 U911). 
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^ — D^®). The value of C was the mean C taken 

from Mills’ recent paper. These values of the internal latent 
heat are very similar to those obtained by Dieterici’s formula 
^ = CRT/nd/D. If the internal latent heat is computed 
using the vapor pressures computed by Biot’s formula close 
to the critical temperature too low values are obtained as 
Mills has pointed out. 

The values for “a” for one gram mol computed from near 
the critical temperature are given in Table 7. Column 2 of 
that table shows how many degrees below the critical tempera- 
ture data were taken for the computation. The nearer the 
critical temperature the more reliable the data should be. 

(31) a = — 

It is interesting now to see how large /< is relative to ^ at 
different temperatures ; that is, how much of the heat of vapor- 
ization is rendered latent by the expansion of the molecules, 
or by an increase in their rotatory energy. By formula (31) 
a = M(^ --/<)/'((/, -t/.); and by (29) a = (S“ -S I- 2)P,.vy- 
(S — -2). Hence we have 

(32) r—t^ = (S—s 4- 2)p,vK— d.)/M(s — 2). 

But it was found by Mills that X = Cid^^ —dY") so that 

(33) fi = C«--rfy-)-(S^~S + 2)P<(<f,-^/.)/M(S-2). 

The calculation of /t for one gram mol of pentane by formula 
(33) resulted as follows ; 


i 

jx X 10"^® ergs 

—273° 

4 - 2 .S 

+ 30 

4.46 

60 

3-51 

100 

2.18 

150 

0.62 

190 

0.0026 

197.2 

Te 


At 30°, therefore, the total latent heat for one gram is 
85.76 cals; the total internal latent heat, or A, is 78.80 cals.; 
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Carbon bisulfide 13 38 — — — 14.34 S = 6 

Ethyl alcohol i i2.53(?) 12.44 12.44 — j 10.26 

Stannic chloride — 32. 43 32 58 — 32.58 Cl = 3 

^ The figures of column 2 are the average values of Table 2, omitting divergent values close to critical temperatures. 



TabIv^ 9 — a X lo ** Computed by Various Formulas 


Albert P. Mathews 

'A(t®A X K) iiOi X 6Ss-i - o 2 


M VO 

q a» 

M IH 


(“p — 'p)/(»/ — ir)w “ ® t’' 


(siempcojddy) s/’A’X*oi x Sfg’? =■ o | * 


’dr.SAH'i((* — S)/(s + S — sS)) “ ® 


(“P — 'P)A/jX'^(i — — S)/(* + S — 8S))W - ® i VO <^6 ^8 

Mm c< 


^A'’d((2 -- S)/(2 + S — ,s)) « I *0 




8 

43 

w 






VO T 


0 
• M 

M M 

1 


X 




8 

43 

M 

N 




I j 

S(X — ’i)/’A’Xt/iN«/’AXC = " j : 


{up _ 'p)/c/,((i — ^x)/’X)K'ANv.AXf “ o « 


C^ — 'p)/9ro((X — ’X)Ax)H'/iNt/^AXC = o i « ! I? 


I F 



Table 9 — {Continued) 


The Internal Pressures of Liquids 


625 


M 


rh 

VO 


t>. 

M 

On 





w 

d 




M 




«o 

W 

»o 

M 



0 



06 

10 

W 

dv 

r>i 

M 


<N 


M 


V 

V 



GO 

0 


r>* 


ro 



H 4 

0 

00 

M 

4 * 

d 




M 



1 - - 

1 ^ 

00 




1 ^ 

CK 


M 

q 

00 

Hi* 

Tt- 

d 


i 



M 





626 


Albert P. Mathews 


and fi, the heat rendered latent by an increase in the intra- 
molecular energy, is 14.80 cals. While the figure 14.80 is 
undoubtedly a little too low it appears that approximately 
one-fifth of the total internal latent heat goes within the mole- 
cules at the fraction 0.3 isT^. Furthermore, the internal 
intramolecular latent heat does not increase much, if at all, at 
temperatures lower than this. The theoretical latent heat at 
absolute zero was calculated by Mills’ formula, and do was 
taken as Sd^. 

5. Computation of “a” from the Number of Valences and 
Molecular Welgrht 

Finally I have calculated “a” for a gram mol by the formula 

(34) a = C(M X Vab'/H. 

C is taken arbitrarily as equal to 1 .259 X io“. M is the molecu- 
lar weight, and Val the numbers of valences per molecule. 

The values computed in these different ways are given in 
Table 8. For the surface tension computations I have taken 
the data from Ramsay and Shields, Ramsay and Ashton and 
Renard and Guye. In all cases when computing "a" by the 
last formula the valence of carbon has been taken as 4 ; oxygen 
as 2, except in oxygen gas, where it is unity; nitrogen as 3, 
except in nitrogen gas which has been taken as monovalent; 
and hydrogen as i . The critical data of oxygen are accurately 
determined; for hydrogen, the critical density being uncertain, 
I have assumed S to be 3.4, the same as oxygen; in computing 
nitrogen, the critical density being uncertain, I took S as 3.5 
and the density 0.33, which is between the values given by 
Sarrau and Hautefeuille and Cailletet. For all substances 
included in his list Young’s critical data have been used. 
The critical temperatures and pressures of the other substances 
have been taken from the Landolt-Meyerhoffer tables. Where 
the critical density was unknown I have been unable to com- 
pute by formulas which involve that factor. In other cases 
the surface-tension data or the vapor densities could not be 
found. Hence there are many gaps in the table. 

• Mathews: Jour, Phys. Chem., 17, 181 (1913). 
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It will be seen by an inspection of Tables 8 and 9 that all 
the formulas, i. e., those from the latent heat; from van der 
Waals’ equation, assuming that is aV^/S; from the surface 
tension; from Young’s formula and that involving the molecu- 
lar weight and number of valences, give practically the same 
result. The confirmation of the values from the surface 
tension and van der Waals’ equation by the computation from 
the latent heat close to the critical temperature is, I think, 
conclusive evidence that these results are correct, within the 
limits of error of the data from which they are computed. 
The internal pressures of such liquids as benzene and ether are, 
therefore, about 14 per cent, higher than have been calculated 
by van der Waals’ formula; a = 2JTI/64 X 273^?,. As a 
result the co-volume, or the volume of the molecules, the value 
“6,” must be taken larger both in the liquid and vapor than 
has been customary 

The values for “a” and M'K given in my earlier papers 
should be multiplied by i .085 approximately to bring them to 
these new and correct values. 

The internal pressures at zero degrees centigrade computed 
by Lewis, by the method of van der Waals and by formula 
(7) compare as follows (Table lol : 

T.mjlb 10 - Inter.naIv Pre-ssckbs in Atmospheres at Zero De- 

OREES 



Lewis 

V d Waals 

Formula (7I 
Surface tension 

Ethyl acetate 

2466 

2261 

: 2507 

Ether 

1952 

^723 

1986 

Carbon tetrachloride 

2518 

2205 

2637 

Carbon bisulfide 

2917 

3363 

> .3937 

Benzene 

2639 

2494 

: 2946 

Toluene 

2847 

2228 

' 2534 

w-Xylene 

■ 2815 

2068 (10°) 

j 2286 (10°) 


The values obtained from the surface tension and from the 
latent heat of expansion as computed by Lewis, agree pretty 
well except in the case of carbon bisulphide; they are widely 
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different from those computed by Walden from Stefan’s con- 
clusion, Walden’s values being in fact about two-thirds of 
my values. The figures given for the internal pressures of 
liquids by Walden, Davies, and Traube are certainly far too 
low and are erroneous. 

Summary 

The internal pressures of liquids, or rather the value “o” 
of van der Waals’ equation, has been computed from the 
surface tension', assuming that the depth of the surface layer 
is (Te/Tj — ^T)“'» molecular diameters; from the law of Eotvds 
and T. Young; from van der Waals’ equation, assuming that 
be is always 2Vc/S, S being equal to RT,./VcPt; from the in- 
ternal latent heat of vaporization close to the critical tempera- 
ture , and from the molecular weight and the number of va- 
lences. All of these methods give practically the same results. 
The values of “a” thus computed are constant in the case of 
pentane and ether over a wide range of temperature, indicating 
that barring association “c” is constant; the values are uni- 
formly higher than those computed by others with the excep- 
tion of some computed recently by Lewis from the latent 
heat of expansion of liquids. The values recently given by 
Traube, Walden and Davies are too low and incorrect in other 
ways. The results confirm my conclusion that the molecular 
cohesion is a function of the molecular weight and the num- 
ber of valences in the molecule. The formula: a = 
27Ty64 X 2’j2^Pe gives values about 14 per cent, too low 
for ordinary substances and very much too low for simple 
diatomic gases. It should be replaced by the formula a = 
(S“ — S -t- 2)T^Ry(S'''(S — 2 )?^). These results show, also, 
that Stefan’s conclusion that half the work in vaporization is 
done in moving a particle into the surface is incorrect.' 

University of Chicago 

* Appkndix. — B y combining (23) and (26) wc have the following formulas 
for calculating S and dc. M is the molecular weight: 

(35) S> = (de — <fe)TyV(Tc— T)'AMP c 

(.36) 4 = MPc(* — T)'/,. 



THE FILTRATION OF BARIUM SULPHATE 


BY J. U. OSBORNE 

Krak* has recently stated that to filter barium with 
suction seems a rather daring experiment even when specially 
prepared filters are used, but that it may be done as follow's; 

“Pour the supernatant liquid through the filter using 
suction. Before the precipitate begins to follow, add about 
lo cc of a saturated, slightly acid, solution of ammonium 
acetate to the precipitate and stir it up well. The fine BaSO^ 
changes instantly into a coarse precipitate and can be w^ashed 
instantly while suction is going full speed without ever passing 
through the filter. The results thus obtained are not in- 
fluenced by the use of the filter solution." 

This sounded as though the barium sulphate were coagu- 
lated by the ammonium acetate solution. It seemed desirable 
to verify this and to see what would be the effect of adding 
solid ammonium acetate to a solution from which barium 
sulphate had been precipitated cold. A number of experi- 
ments were therefore made to determine w’hat happens and 
W'hat are the limitations of the method, if any. 

Equivalent solutions of barium chloride and of sulphuric 
acid were prepared and loo cc of the barium chloride solution 
were added a little at a time to loo cc sulphuric acid, stirring 
continuously and keeping the solutions at 75°-8o°. The 
precipitate is coarse enough for ordinary filtration by gravity 
but is sucked through a filter paper when suction is applied. 
In the next experiment the supernatant liquor was decanted, 
as recommended by Krak, and lo cc saturated ammonium 
acetate solution were stirred up with the residue. There 
seems to be a solution of the barium sulphate which repre- 
cipitates as coarser crystals w'hich are not carried through a 
filter paper by suction. There is no difficulty at all in duplica- 
ting Krak’s result. 


Chemist Analyst, 1912, 26. 
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In another experiment the barium sulphate was pre- 
cipitated hot as before but the supernatant liquid was not 
depant ed . About 75 grams of solid ammonium acetate were 
added to the solution, making the concentration with respect 
to this salt practically the same as in the preceding experi- 
ment. Filtration by suction was not possible. The whole 
mixture was boiled for 9-10 hours, but even then the barium 
sulphate ran through the filter under suction. This showed 
that a mixture of ammonium acetate and hydrochloric acid 
behaves quite differently from ammonium acetate alone. 
This might be due to the free acid or to the chloride pre- 
venting the growth of the crystals, or it might be that the 
chloride had a peptonizing action and disintegrated the barium 
sulphate. 

A hot solution of ammonium sulphate was precipitated 
by adding just sufficient hot barium chloride solution. Since 
there were about no cc of solution, approximately icx) grams 
of solid ammonium acetate was added and the mixture was 
boiled for 8 hours, 4 hours at a time with several hours of 
standing between the two periods. The barium sulphate 
could then be filtered with suction. This experiment shows 
that ammonium chloride retards but does not prevent the 
growth of the barium sulphate crystals. 

Some barium sulphate was made filterable by Krak’s 
method. This was boiled for 9 hours with an ammonium 
chloride solution. At the end of this time the crystals filtered 
as well as before, thus showing that the ammonium chloride 
solution had no peptonizing or disintegrating action. 

To determine whether Krak’s method worked well with 
neutral and acid solutions, three sulphate solutions were made 
up of the same strength, sodium sulphate, sodium sulphate 
acidified with hydrochloric acid, ammonium sulphate. These 
solutions were heated to 80° and sufficient hot barium chloride 
solution added to ensure complete precipitation. The 
mixtures were brought to boiling for 5 minutes and were then 
allowed to stand over night. In each case the supernatant 
liquid was decanted, 5 cc of saturated ammonium acetate 
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added, and the solution boiled for 5 minutes. The pre- 
cipitates did not filter well, so 10 cc more of ammonium acetate 
solution were added to each beaker. Each solution was 
boiled for i minute and then allowed to stand. There was no 
difficulty in filtering with suction, the three lots behaving 
practically alike. 

The last experiments dealt with cold precipitation of 
sulphuric acid by barium chloride. After decantation, 
ammonium acetate solution was added and boiling was kept 
up for 8-10 hours. It was quite impossible to filter the 
barium sulphate. The experiment was repeated with 20 
cc ammonium acetate solutiop, boiling steadily for 96 hours, 
using a reflux cooler. At the end of this time the barium 
sulphate filtered nicely with full suction. 

These experiments clear up the theory of the process. 
Barium sulphate is soluble in ammonium acetate solution 
and the crystals therefore grow in a hot solution. If the 
barium sulphate is precipitated under conditions such that 
the crystals are nearly large enough to permit of filtration 
with suction, a short heating is enough to make them grow 
to the required size. If the barium sulphate is precipitated 
cold, the crystals are small and a very much longer heating 
is necessary to give the required size. Since ammonium 
chloride and hydrochloric acid do not peptonize or disinte- 
grate the barium sulphate crystals and yet do retard the 
growth, it is clear that these substances decrease the solu- 
bility of barium sulphate in ammonium acetate solutions. 

This work was suggested by Professor Bancroft and has 
been carried on under his supervision. 

Cornell University 
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Methods in Chemical Analysis. By Frank Austin Gooch, 15 X 23 cm; 
pp. xid 4* 336, New York: Wiley and Sons, igi2. Price: $4,00 . — ^Methods of 
analysis in analytical work have become so well known to the chemist in quan- 
titative fields from the old and familiar works of Olsen, Treadwell, Fresenius, 
Sutton* and others, that this new book called ''Methods in Chemical Analysis’* 
by Prof. F. A, Gooch, of the Kent Laboratory of Yale University, may offer 
quite a surprise to all who may have occasion to use it. The older books men- 
tioned are undoubtedly text books but Prof. Gooch’s book contains rather too 
many experimental results to be ordinarily used as a text book. In fact, it im- 
pressed the reviewer as being a bound volume of the writer’s research notes, and 
in a way that is what it really is. In his prefatory note the writer has explained 
his purpose thus ; 

"The object of this volume is to present concisely the principal results reached 
by the workers in the Kent Chemical Laboratory of Yale University in the in- 
vestigation and development of methods in chemical analysis. In the account 
of processes, modified or original, only proved procedure, and immediately re- 
lated experimental data arc, as a rule, given. For further details in the elabora- 
tion of processes, the discussion of difficulties, and the experimental illustration 
of the effects of varying the prescribed procedure, references are given to the 
original sources from which this summary has been compiled.” From this 
viewpoint it may be stated that it is a very interesting, and in many ways, val- 
uable volume. While the subject is not taken up from the standpoint of the 
familiar texts mentioned above, the book contains methods in the analysis of 
the more unusual elements and compounds that cannot be found outside of the 
literature. In this regard the book is very interesting as well as quite complete. 

The first chapter is called "Appliances and General Procedure” and takes 
up processes and methods, old and new, in use in quantitative and research work. 
It contains many new ideas. Some of the descriptions are of home-made ap- 
paratus when commercial apparatus is obtainable which is more convenient to 
use. For instance, on page 12 is shown an electrolysis bo^rd, using a small motor 
with rubber stopper, over which is pressed a platinum crucible, for cathode. 
In this arrangement there is no controlling resistance for the speed of the motor, 
one side of the cell is grounded and the contact to the crucible is uncertain and 
inconvenient. The complete boards on the market are much more compact 
and handy. It is often an advantage, too, to use a wire gauze cathode and this 
would be hard to attach and detach. 

Chapter II deals with the "Alkali Metals” and has some original methods for 
the detection of sodium, the separation and determination of both sodium and 
potassium as the pyrosulphatc and perchlorate. Chapter III, "Copper, Silver 
and Gold,” contains some newly revised gravimetric methods for copper as well 
as the details for the electrolytic methods for copper as well as the details for the 
electrolytic separation, A method is shown for the separation of copper, as the 
sulphocyanate, from bismuth, arsenic, tin and antimony that may be found 
quite convenient because of the failure of the electrolytic process in the presence 
of the four metals mentioned. The usual objection to the determination of 
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silver as the chloride is removed here by using silver chromate as the final com- 
pound. Also interesting and modem is the colorimetric determination of gold. 
Many new and very successful methods are found in Chapter IV, “Beryllium, 
Magnesium, Calcium, Strontium, Barium,*' that are not taken up in the more 
familiar texts. Chapter V takes up “Zinc, Cadmium, Mercury,’* and Chapter 
VI, “Boron, Aluminum, Lanthanum, Thallium.” While the determination of 
some of the members of the third group is by no means common, yet reliable 
methods for their separation and quantitative values are most welcome. 

Chapter VII takes up “Carbon, Silicon, Titanium, Zirconium, Cerium, 
Tin and Lead,” giving both old and some new methods for these elements. 
Titanic acid is reduced by zinc and then titrated with permanganate. Chapter 
VIII contains a large number of methods for “Nitrogen, Phosphorus, Arsenic, 
Antimony, Bismuth and Vanadium.” The sixth group is taken up in Chapter 
IX, “Oxygen, Sulphur, Selenium, Tellurium.” Chapter X, “Chromium, Molyb- 
denum, Uranium.” Chapter XI deals with methods for the halogens “Fluorine, 
Chlorine, Bromine, Iodine.” The last chapter is called, “Manganese, Nickel, 
Cobalt and Iron ” There are several good electrolytic methods given throughout 
the work. The very accurate and fast method for nickel as the digly oxime is 
not given and when recalling several important omissions, one must remember 
that the work is not intended as a complete one but rather to set forth the meth- 
ods worked out and checked in the Kent Laboratory. 

As the writer has mentioned, the book is well supplemented by the directly 
related experimental data This serves to show the limits of the determination, 
it is true, but these tables take up a larger share of the book than corresponds 
tp their importance In its completeness it is good, as the more common meth- 
ods are already well represented in our standard reference books and texts, and 
do not demand a place in a work of this nature. Frequent and full reference is 
given to the original sources in the literature of almost all the articles and it may 
be stated that “Methods in Chemical Analysis” will be a valuable book to the 
commercial analyst, the research man, and the advanced student. 

Charles O. Brou n 

Concentrating Ores by Flotation. By Theodore J. Hoover. 24 X 16 cm, 
pp 221. London. The Mining Magazine, iqj 2. Price: 12s., 6d — One of the 
important developments of recent years in the mining industry has been the 
concentration of ores by selective flotation. “This book is intended as an in- 
terim report of progress in a rapidly developing art. It is put forward in the 
hope that it may prevent duplication of labor on the part of ambitious inventors, 
and that it may give engineers not already familiar with the subject a starting 
point in the application of a new method of turning ores into account.” 

The subject has been treated under the headings: historical sketch; patents; 
litigation; theories; tests; the Potter-Del prat process; the De Bavay process; 
the Elmore Vacuum Flotation Process; the Minerals Separation Process; other 
flotation processes; economics, bibliography. 

The flotation processes arc based on the experimental fact that certain sub- 
stances will adsorb oil and air more readily under certain conditions than do other 
substances, and consequently will float on water, while the other substances 
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sink. More particularly, zinc and other sulphides float while the siliceous gangues 
sink. 

"The development of this important department of metallurgy can be 
divided roughly into three stages. During the first of these, i860 to 1902, 
there were brought forward at least a dozen methods for causing sulphides to 
float on an ore-pulp, and these methods fell into two principal classes, although 
there were even then some patents which could not properly be placed in either 
class^ 

"(i) Those depending on the selective action of oily substances for sulphide 
particles to entrap the sulphides, and the buoyancy of the oily substance to 
effect flotation. 

"(2) Those depending on the selective action of gas for sulphide particles, 
and which under certain conditions endowed the particles with a gaseous envel- 
ope, and so induced flotation. 

"Neither of these ideas when used independently produced entirely satis- 
factory results, although they were not without some commercial profit. 

"The second stage, from 1902 to 1907, was marked by a practical advance 
when the idea was developed of endowing the particles \vith an oily coating in 
an acid solution, thus increasing their affinity for the gaseous envelope. This 
combination of the two fundamental ideas of the preliminary stage has made 
it possible to secure a high degree of flotation among many sulphides. These 
two stages belong primarily to the inventor, the so-called impractical man. 

"The third stage, 1907 to 1912, in which we now are, is the stage of the 
engineer: the commercial application of the idea. Suitable mechanical devices 
had to be invented to produce the proper mixture of gases, liquids, and solids, 
and to entrap the concentrate when afloat. This stage has now reached so 
practical a development as to find w'idespread commercial application." 

The author’s version of the theory is given on p. 53, "With some substances 
the gas adhesion is strong and the liquid adhesion is weak; in other words, they 
are wetted with difficulty. In this class are the metallic sulphides, which, 
although they have a natural tendency not to adhere strongly to water, do fortu- 
nately have a strong natural tendency to adhere to oil. And further, oil has an 
even stronger tendency to adhere to its gas film, so that a sulphide particle cov- 
ered with an oil film has an already strong tendency not to adhere to water 
considerably increa.sed. Quartz and ganguc minerals generally, on the other 
hand, have preference in directly the opposite direction. They have a com- 
paratively feeble adhesiveness to gas films and oil, and a strong adhesiveness 
to water, and this already strong adhesiveness for water is greatly increased by a 
slight acidulation of the water. There has been no satisfactory theory yc‘t 
propounded as to why acid does promote the preferential adhesion of water to 
gangue particles, and probably also at the same time the preferential adhesion 
of oil to sulphides, and for the present commercial purpose it does not seem neces- 
sary to do more than record this important fact." 

On. p. 59 the author says that "it is a significant fact that no method has 
yet been found of producing a mineral froth by air bubbles without the addition 
of oil or some other substance. Among other substances that will assist in pro- 
ducing a commercially effective mineral froth are a number of soluble substances, 
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as amyl alcohol, camphor, most of the essential oils, the phenols, and a number 
of gas- tar derivatives. 

**The phenomena to be observed in eonnection with the use of these soluble 
substances as mineral frothing agents are eonf using. What has been said about 
the oil adhering to the sulphides in the first part of this chapter does not apply 
in the case of these substances, because they are completely soluble in the pro- 
portions used, the small amount employed in treating the (i lb. per ton of ore) 
cannot be thought to adhere preferentially to the sulphides. On the other hand, 
although these substances are soluble, the solution cannot be used over and over 
again beyond certain narrow limits, but the frothing agent must be added con- 
tinuously. It is also inconceivable that there is any chemical reaction between, 
say, the soluble essential oil of eucalyptus amygdalena and any of the ingredients 
of the ore. The froth produced in this case had identically the same appearance 
as where air, oil, and acid, or acid and carbon dioxide, arc the froth constituents, 
and wc are justified in assuming that in the main there is no difference in the 
forces acting,” 

This book can be obtained in the United States from the Mining and Scientific 
Press, 420 Market Street, San Francisco, for $3.75 net. 

Wilder D. Bancroft 

Beitrttge zur Kenntnis des elektrochemischen Verhaltens des Eisens By 

b\ Foerster. 17 X 24 cm, pp. S$. Halle: Wilhelm Knapp, 190Q. Price’ paper, ^.20 
Through an unfortunate oversight, this book was not reviewed at the 
time that it appeared Since the book is just as valuable now as formerly, a 
belated notice seems better than none. 

The true single potential of iron is found to be about E/^ — — 0.46 volt, 
in close agreement with the results of Richards and Behr. Displacement to- 
wards the zinc potential is due to hydrogen in the iron. A sample of such iron 
gives off hydrogen when allowed to stand in contact with a ferrous sulphate 
solution from which air is excluded. More noble potentials are due to the pres- 
ence of oxide films. The decomposition potential of iron is the same as the single 
potential at equilibrium; but there are distinct variations in the voltage at which 
iron ordinarily precipitates. Part of this is due to the presence of ferric salts 
in solution, but part of it is due to the electrode, presumably to the taking up of 
hydrogen. 

Since the i>eeling of electrolytic iron is due in part to the variations in the 
hydrogen content, a more satisfactory deposit can be obtained at higher tempera- 
tures. For the same solution and the same current density, iron is more coarsely 
crystalline, the higher the temiK’rature of deposition. The author leaves it 
open, p. 75, whether there arc several modifications of electrolytic iron. It 
seems to the reviewer that the differences observed arc chiefly differences in crys- 
tal size due to changes in current density. Wilder D. Banc? oft 

Physico-Chemical Tables. By John Castell-Evans. Vol. 2. iS X 23 
cm; pp. XIV -f 5<‘?5. Philadelphia: J. B. Lippincott Co., igii. Price: $12 00. — 
‘‘With the present volume of Physico-Chemical Tables which contains the con- 
cluding portions of the Tables of Physical Chemistry, the commencement of 
which will be found in Volume I, together wnth a valuable and exhaustive series 
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of tables specially applicable to the operations of analytical chemistiy, the work 
of the late John Castell-Evans is brought to a close/' 

The data for physics in this volume are tabulated under the general heads: 
molecular dynamics, kinetic theory of gases, etc.; molecular speeds, molecular 
volumes, etc., of liquids; influence of temperature on surface tension, etc.; 
capillarity constants of solutions; cryoscopic method; vapor-tension method; 
distillation of mixed liquids. There are also i8o pages of tables containing 
data useful in analytical chemistry. A book like this represents an incredible 
amount of labor and it is fortunate that there are men who are willing to under- 
take such a task. Wtlder D. Bancrofi 

Introduction a P Etude de la Spectrochimie. By G. Vrhain. Paris: A. 
Hermann et Ftls, /9/r. Price: 10 francs. — The subject is treated under the 
headings: generalities on light and spectra; emission under the influence of heat 
(flame spectra); luminescence of gases under diminished pressure (Geissler 
tubes); arc and spark; phosphorescence; absorption; constitution of spectra. 
The author says, p. 17, that '‘it is time that spectrum analysis should take the 
place in chemical laboratories which it deserves. The best means of accomplish- 
ing this is to teach the subject more thoroughly. At present young chemists 
have an incomplete or even incorrect conception of the part which the spectro- 
scope may play in analytical chemistry." Attention is also called, p. 19, to 
the fact that the flame spectrum is not necessarily an extraordinarily sensitive 
test and that the sensitiveness can be cut down almost at will by taking the 
weaker lines instead of the strongest ones 

In various places, pp. 67, 88, the author raises the question whether the 
spectra are temperature functions or arc due to chemical reactions. Unfortu- 
nately he is apparently afraid to commit himself and consequently leaves the 
matter open, though an estimated minimum temperature of 30,000° in a Geissler 
tube does not seem probable. One of the specially interesting facts is that the 
phosphorus spectrum, p. 7 1 , is greener in a cold flame than in a hot one. Except 
on the basis of a chemical reaction, it seems difficult to account for the results, 
p. 92, of Ramsay and Collie on the behavior of a mixture of hydrogen and helium 
under varying pressures. 

Though reference is made, p. 137, to the work of de (Tramont, it seems to 
the reviewer that the treatment here is so brief that the student will fail com- 
pletely to appreciate the importance of this work. Wilder D, Bancroft 



LUMINESCENCE 


BY E. F. FARNAU 

Introductory 

The term luminescence is generally applied to that prop- 
erty possessed by a large number of substances of becoming 
luminous under the influence of light or other forms of radia- 
tion. When produced by light, the phenomenon is accom- 
panied by absorption of the incident light of certain wave- 
lengths, the luminescence consisting of light of wave-lengths 
differing from those of the exciting light. Various classifica- 
tions have been made, depending upon the conditions under 
which the phenomena take place. If the luminevscence occurs 
only so long as the exciting light falls upon the substance, 
it is called fluorescence; if it persists after excitation is dis- 
continued it is called phosphorCwScence. Often after the 
phosphorescence has decayed at ordinary temperatures until 
it has become invisible, it can be revived for a time by heating 
the substance this is known as thermoluminescence. Pro- 
duction of light by fracture of crystals is called tribolumines- 
cence, by cathode rays cathodoluminescence, by solidification 
of a melt or precipitation from solution crystalloluminescence. 
In many of these cases the luminescence occurs with almost 
imperceptible rise of temperature; and for this reason has 
been termed “cold light.” Many chemical reactions occur, 
often at low temperatures, with evolution of light, this is 
called chemiluminescence. There are more or less per- 
manent changes in the Chemical properties of substances made 
luminescent - some showing but transitory changes, while in 
others visible chemical decomposition occurs. It is the 
purpose of this research to determine the coiirse of the chemical 
reaction taking place and to correlate the different kinds of 
luminescence under one substantially confirmed hypothesis. 
Lumineseence by Cathode Rays 

Wiedemann and Schmidt* were the first to make a 

Wied, Ann., 54 » 622 (1895), 56, 203 (1895); 64, 78 (1898). 
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systematic study of this kind of luminescence. They ob- 
served that in many cases at least, decomposition occurred, 
and decided that the luminescence was due to recombination 
of these decomposition products to form the original salts. 
Furthermore, it was claimed that the color of the emitted 
light depended solely upon the metal, citing the case of 
cadmium and manium salts. 

Goldstein’ observed that in the action of cathode rays 
upon alkaline halides the color change produced by the rays 
was but temporary, heat or moist air restoring the salts to 
their original condition. The color change was accounted 
merely a physical change. 

Wilkinson’ substantiated the hypothesis of Wiedemann 
and Schmidt by comparison of the light emitted during the 
reaction of the probable decomposition products of the salts 
with the cathodoluminescence of the salts themselves. This 
paper will be discussed under the section “ Luminescence by 
Chemical Reaction." 

Owing to the uncertainty in dependence upon another’s 
description of color as well as to possible variations in quality 
of the luminescence due to impurities in the salts employed, 
Wilkinson’s experiments were repeated. A few cases of dis- 
agreement were observed, as is evident from Table I, but 
these alterations merely confirm the hypothesis. 

The apparatus employed for production of cathodo- 
luminescence consisted of a cathode tube seven inches long, 
one and one-half inches in diameter, in two parts — an upper 
carrying the disc cathode and ring anode, and a lower con- 
taining the salt. The vacuum was produced by a Geryk 
double cylinder oil pump making about thirty strokes per 
minute, run by a ‘/g H. P. induction motor hitched up to the 
wheel of the pump through an intermediate reducing pulley. 
A large induction coil, working at a mean current of 5 amperes 
and a mean voltage of 60 volts in the primary, and whose 
secondary furnished under these conditions a four-inch spark, 

^ Wied. Ann., 54, 371 (1894). 

’ Jour. Phys. Chem., 13, 691 (1909). 
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was used to operate the cathode tube. The pump was worked 
continuously during excitation. 

Table I 


Salt 


Fluorescence 

W 


Fluorescence 

F 


Color of 
residue 
W 


NaCl 

NaBr 


Nal 

KCl 

KBr 

KI 


Hg.Cl, 

Hg2Br2 

HgCl2 

HgBr2 


CdCl2 

CdBr2 

Cdl2 


CdSO, 


whitish 
blue-white 
white 
, white 
green 
j green 
orange 
orange 
greenish 
1 orange 

I 

yellow-white 

white 

yellow 


bluish white 

bluish 

greenish 

bluish white 

blue 

green 

orahge 

orange 

greenish 

greenish 

green-blue 

green-blue 

yellow 

yellow 


brown 

rose 

brown 

dark violet 

blue 

brown 

black 

brown 

brown 

brown 


brown 


Color of 
residue 
F 

brown 
brown 
brown 
dark violet 
j blue 
I brown 
I black 
I brown 
i brown 
brown 
I brown 
brown 
brown 
brown 


If cathodoluminescence is caused by a chemical reaction, 
rise of temperature should increase the luminescence for the 
same amount of decomposition because the reaction velocity 
would increase. The following experiments were carried out 
to illustrate this point : A sample of cadmium sulphate from 
Eimer & Amend, showing but slight luminescence, ‘ was heated 
to dull redness in platinum to remove moisture, and, after 
powdering, was heated in the cathode tube. The results were 
unsatisfactory, the vacuum dropping off markedly and hence 
reducing the amount of effective radiation. This is doubtless 
due either to a slow evolution of adsorbed gases and moisture 
at the higher temperature, or to increased permeability of the 
glass to air. To obviate this difficulty, cooling the salt in- 
stead of heating was employed. All of the tube save about 
one-half an inch of the bottom part was wrapped loosely 
with cotton gauze and jacketed. The slightly luminescent 


* Wilkinson: Jour. Phys. Chem., 13, 720 (1909). 
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pure salt was replaced by a commercial sample, fairly strongly 
luminescent. Liquid air was dropped upon the gauze until 
the luminescence reached a maximum indicating attainment 
of the best jjossible vacuum. The bottom of the tube was 
then immersed in liquid air in order to cool the salt; the 
fluorescence almost entirely disappeared. Lowering the tem- 
perature of the salt had decreased its luminescence by de- 
creasing the rate of combination of its decomposition products, 
in confirmation of the theory. 

Discoloration of the salts in all the cases observed causes 
marked falling oiT of the fluorescence. It was especially 
observed with cadmium iodide. This salt is discolored rapidly 
under cathode rays, probably with separation of cadmium and 
iodine, the emitted light at the same time becoming extremely 
faint. If the tube is shaken, exposing fresh surfaces of the 
crystals, the fluorescence flashes up momentarily, and then 
diminishes rapidly. The same difference in light intensity is 
observed with pure w'hite crystals of cadmium bromide and 
with the same salt slightly discolored by fusion in platinum. 
The effect is doubtless largely due both to decrease in the re- 
flecting power of the salt and to absorption of the cathode 
rays (which actually possess but 'slight penetrating power) 
by the discoloring substance instead of by the salt itself. 
This latter explanation is borne out in experiments with the 
iron arc in which this rapid decrease of luminescence with 
increasing discoloration of the salt is not observed, the ultra- 
violet light penetrating more deeply than do the cathode rays. 

The effect of addition of traces of other salts on the 
luminescence of cadmium sulphate has been investigated. 
Wilkinson* had found that small amounts of sodium, potas- 
sium, lithium, or zinc sulphate caused the excited salt to 
show luminescence. Some of the results of Waggoner® are 
at variance with these conclusions. Table II is from the 
latter paper. It will be noted that in many cases meta- 
thetical reactions with or without the formation of a pre- 

* Jour. Phys. Chem., 13, 719 (tgot)). 

> Phys. Rev., 31, 358 (1910). 
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cipitate will occur, and the resulting substance will not be 
homogeneous in these cases. Waggoner is not specific in 
describing his method of preparation of these specimens and 
it would be difficult to decide from his results as to just what 
chemical compound or solid solution the luminescence is due. 
The experiments could be checked by comparing the lumines- 
cence of each of the products of metathesis with that of the 
mixture. 

Tabub II 


Na salt added 


Phosphorescence 


Na salt added I Phosphorescence 


SO4 

SoO„ OH, CO,, 
CrO„ Cr.O, 
NO,. CIO, “ 

MnO/', F 


yellow 

none 

faint yellow 
greenish yellow 


SiO„ Br 
1' Cl 

I HPO„ 

, Na alum 


blue 

green 

I faint green 


Luminescence by Canal Rays 

Under the influence of canal rays a number of salts 
luminesce, and the color of the light is in some cases markedly 
different from that of cathodohiminescence. Table III in- 
cluding the results of Arnold' and of Schmidt^ is given below. 
On the basis of the present hypothesis, it must follow^ that 
canal rays either cause a different kind of decomposition 
of the salt or at least admit of a different kind of recombina- 
tion of its dissociation products. 

It is interesting in this connection to refer to an observa- 
tion of Schmidt, that carefully purified sodium chloride on 
exposure to canal rays luminesces at first veeakly bluish, 
but that the red-brown or red-yellow fluorescence follows. 
This would indicate that the luminescence, and hence the 
chemical reaction characteristic of cathodo-excitation occurs 
momentarily, but is succeeded by the usual anodic phenomena. 

Arnold furthermore observes that under the influence of 
canal rays sodium chloride, nitrate, sulphate, bromide, and 


^ Wied. Ann., 61, 326 (1897). 
* Drude’s Ann., 9, 703 (1902). 
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iodide ail show the D line; and J. J. Thomson* writes "If ‘a 
layer of lithium chloride is placed on the plate, then when 
struck by Canalstrahlen it shines with a bright red light and 
the red lines of the lithium spectrum are very bright; if the 
direction of the discharge is reversed so that the lithium 
chloride is struck by the cathode rays, its color changes from 
bright red to steely blue, giving out a faint continuous spectrum 
but not the lithium lines.’’ Again, " In some cases the Canal- 
strahlen excite the metallic lines more strongly in comptounds 
of the metal than in the metal itself, thus if we bombard the 
surface of the liquid alloy of sodium and potassium with 
Canalstrahlen the specks of oxide floating on the surface shine 
out with a bright yellow light and show the D lines of sodium 
strongly; the clean parts of the surface on the contrary are 
hardly luminous at all, and I have never been able to see the 
D lines on this part of the surface. The difference may be 
due in part to the sodium being much more volatile than the 
oxide, so that an atom of sodium struck by the Canalstrahlen 
may volatilize and get away from the surface, while a molecule 
of oxide would be fixed, thus the light might be much more 
concentrated when the surface struck is not volatile than when 
it is easily vaporized.” 

Table III 

Luminescence with Canal Rays 


Substance 

Fluorescence 

Arnold 

Fluorescence 

vSchmidt 

Glass 

NaCl 

reddish yellow 
reddish yellow 

first bluish, then red- 


dish yellow 

NaBr 

reddish yellow 

reddish yellow 

Nal 

reddish yellow 

reddish yellow 

NaNO., 

reddish yellow 

reddish yellow 

Na^O, 1 

reddish yellow 

reddish yellow 

Li salts 

1 red 

— 

K salt containing Na 

1 

yellow 

1 

first weak bluish then 
reddish yellow 

Sr salts 

rose-white 

Cd salts 

i yellow 

yellow 


’ “Conduction of Electricity through Gases,” and Edition, 642 (1906). 
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Lumineseenee by Ultraviolet Light 

No systematic study of luminescence of salts under 
ultraviolet light has been attempted, previous workers re- 
stricting themselves chiefly to the study of minerals and phos- 
phorescent sulphides. For this reason, experiments were 
made employing the same salts as included in Wilkinson’s 
list for comparison of the quality of the emitted light in the 
two instances. 

As a source of ultraviolet light an iron arc was con- 
structed of two machine steel terminals, each i ‘/^ inches by 
Vs inch by inch fastened by means of machine screws 
and nuts to a 6 inch by 4 inch by ‘/^ inch sheet of asbestos 
tile set vertically on a board. The length of arc could be 
varied by turning the terminals. An oil transformer con- 
nected through a suitable resistance with a no A. C. volt 60 
cycle supply and having six large Leyden jars of 1 100 square 
inches total tin foil surface and '/, inch thickness of glass in 
parallel with the secondary, furnished an arc of about ^/^ 
inch length under these conditions. The salt was placed in a 
small crucible about one-half an inch below the arc. On 
account of the intense light of the arc, fluorescence could not 
be observed, but strong phosphorescence resulted in all the 
salts which according to Wilkinson exhibited this property 
under cathode excitation. Table IV gives a summary of the 
results. 

The coloration of the residue after about fifteen minutes’ 
exposure to the light of the arc was remarkable in the case of 
the potassium halides, potassium chloride after excitation 
showing by daylight a dark amethyst color, potassium bromide 
a blue as pronounced as that of ammonium copper sulphate, 
and potassium iodide resembling nickel salts. The colors 
are doubtless due to free potassium modified by the respective 
free halogen. The colors faded in about a minute leaving the 
salts pure white. With the moist halides no phosphorescence 
was observed; it was hoped that under this condition, the 
potassium and chlorine as decomposition products would 
react in the presence of water to 3deld hydrogen and potas- 
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sium chlorate, but the amount formed — any — was so slight 
that it could not be detected even by examination of the 
residue for anisotropic crystals of the chlorate under' the 
microscope with crossed Nicols. 


Table IV 

Luminescence with Ultraviolet Light 


Salt 

1 Phosphorescence 

1 

Color of residue 

j Thermoluminescence 

NaCl 

1 ' 

! bluish white 

brown 

bluish white 

NaBr 

bluish white 

brown 

bluish white 

Nal 

bluish white 

brown 

bluish white 

KCl 

violet-blue 

dark violet 

bluish white 

KBr 

intense blue 

blue 

blue 

KI i 

green 

green 

green 

Hg' salt 

none 

black 

none 

Hg* salt 

none 

black 

none 

CdCL 

blue-green 

brown 

blue-green 

CdBr, 

blue-green 

brown 

blue-green 

Cdlj 

yellow 

brown i 

yellow 

CdSO, 

yellow 

brown ! 

yellow 


Luminescence by Heating after Excitation 

If the salt be exposed to cathode rays or canal rays or to 
ultraviolet light, and the excitation be discontinued, phos- 
phorescence occurs at first bright, then gradually decreasing 
until the light is no longer visible. In most cases, if the .sub- 
stance be now heated, intense luminescence occurs for a time, 
and then the salt can be made luminescent only by another 
excitation. Where the decomposition products of the salt 
are colored, thermoluminescence is accompanied by partial 
or complete restoration of the original color of the salt. 

Thermoluminescence is most easily accounted for on the 
grounds of increased rate of diffusion and of increased rate of 
reaction of the decomposition products of the salt, brought 
about by raising the temperature. 

It is important to note that the quality of light emitted 
in all cases of thermoluminescence is the same as that of 
cathodoluminescence or of luminescence produced by ultra- 
violet light. Even the residue of sodium chloride excited by 
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canal rays emits bluish light* when heated. The important 
bearing of this on the theory will be stated in the section on 
“ lyuminescence by Chemical Reaction.” The data on thermo- 
luminescence are given in Table IV. 

Lumlneseenee by Trituration 

Crushing or grinding many crystalline substances will 
produce luminescence. The light is in most cases extremely 
faint, and the following procedure was employed to increase 
the effect. Where possible, the salts were fused in a platinum 
dish and cast in a graphite mould in sticks of one inch diameter 
and two inches length. These were pressed against a rapidly 
revolving carbonindum wheel, and the luminescence was 
observed just beyond the point of contact of the salt and the 
wheel. 

The phenomenon of triboluminescence is probably due 
to an actual separation of the constituents of the salt on 
breaking apart the crystals, and the reunion of these frag- 
ments of crystals permits recombination of the adherent 
decomposition products with production of light. 

Table V contains the observations made; not a great 
deal of reliance can be placed on them, owing to the ex- 
treme faintness of the light. 


Table V 


Salt i 

T ribolumincscence 

NaCl 

bluish white 

NaBr 

bluish white 

Nal 

bluish white 

KCl 

bluish white 

KBr 

bluish 

KI 

greenish white 

CdSO^ 

yellow-white 


Luminescence by Chemical Reaction (Chemiluminescence) 

Pringsheim* substantiated the view that no gas emits 

^ Schmidt: Drudc's Ann., 9, 708 (1902), 

^ Wied. Ann., 45, 429 (1892). 
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light save as a result of chemical action, and Armstrong’ 
has ascribed luminosity and line spectra to the changes at- 
tending the formation of molecules from their atoms, or 
speaking generally, that they are consequences of chemical 
changes. Wiedemann and Schmidt* concluded that cathodo- 
luminescence was due to the reaction of the products of de- 
composition of the salts, and the experiments of Wilkinson* 
confirm this view. 

The light emitted during chemical change varies in in- 
tensity with the rate of reaction, and in some cases under 
different conditions may suffer complete change in color. 
Miss Stevenson’ found that quinine sulphate on dehydration 
by concentrated sulphuric acid emitted a strong bluish light, 
which decreased in intensity on employing more and more 
dilute sulphuric acid as dehydrating agent. If the salt be 
dried over concentrated sulphuric acid, the light emitted is so 
faint that a photographic plate is not affected. But in all 
cases where luminescence could be observed there was no 
change in the quality of the light. 

Nichols and Merritt® observed that with varying wave- 
length of exciting light there Avas no shift in wave-length 
of the maxima of fluorescence bands. 

Trautz" has investigated the luminescence of a number 
of chemical reactions and has formulated the laws: The in- 
tensity of luminescence is about proportional to the velocity 
of the reaction, increasing enormously with the temperature; 
the color is dependent only upon the reacting system, being 
independent of the velocity of reaction or of the temperature. 

On the other hand, the results of Wilkinson* would seem 
to indicate that a variation of color of the chemiluminescence 
of some reactions is possible. These apparent anomalies 

* Proc. Roy. Soc., 70, 99 (1902). 

* Wied. Ann., 54, 622 (1895); 56, 203 (1895); 64, 78 (1898). 

* Jour. Phys. Chem., xj, 691 (1909). 

‘ Ibid., 15, 854 (1911). 

* Phys. Rev., 19, 18 (1904). 

' * Zeit. phys. Chem., 53, 1 (1905); Zeit. Eldctrochera., 14, 453 (1908). 

’ Loc. cit. 
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will each receive its explanation as the individual cases are 
cited in the following sub-sections : 

Chemical Combination . — In those cases where chemical 
reaction occurs with considerable velocity at ordinary tem- 
perature, the luminescence attending the chemical change 
can be observed without much difficulty. Thus, Wilkinson 
caused some reactions to occur slowly and then rapidly and 
observed in some cases marked differences in the color of the 
emitted light. His results are tabulated in Table VI. 


Table VI 


Reaction 

(slow, save where specified) 


Na -f a, 

Na “I* Br^ 

Na 4“ I 2 

Rapid formation of Na compounds 
K 4- CI 2 
K 4- Br, 

K 4- I 2 " 

Rapid formation of K compounds 
Hg + CU — > HgCl^ 

Hg + Hg,Br, 

Hg + T — ► Hg,I, 

PbO + SO, — PbSO, 

CdO -F SO, 

Pb + (NHJ,S,0, — ► PbSO, 


Chemiluminescence 


blue 

blue-white 

white 

yellow 

blue 

blue 

green-white 

violet 

greenish yellow 

yellow-orange 

orange to red 

blue 

yellow 

bluish white 


Bunsen Flame . — It is ordinarily supposed that the salts 
of the alkali metals in the Bunsen flame give but one spectrum 
for each metal, but Lenard^ has found that, depending upon 
the position of the bead relative to oxidizing or reducing 
zones, for sodium, potassium, and lithium salts, two flames 
for each metal can be obtained. It will be seen from his 
results (Table VII) that the flames in the oxidizing zone 
are the ordinary ones giving the line spectra, whereas the 
flames obtained just at the boundary of the zones have more 
or less continuous spectra and correspond roughly to their 
cathodoluminescence. When one considers that these flames 


Drude's Ann., 11, 636 ( 1903 ); X7» i97 (*905)* 
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are observed through the bluish flame of the Bunsen burner, 
and that the colors are further modified by the ordinary 
flames of the salts in the oxidizing portion of the Bunsen 
flame, it is not a matter of surprise that the agreement is no 
better. 

Table VII 

Luminescence in Bunsen Flame 


Salt 

Color ill 

oxidizing flame 

Color in boundary 

KNO3 

violet 

greenish yellow 

KBr 

violet 

greenish yellow 

KOH 

violet 

greenish yellow 

KF 

violet 

greenish yellow 

NaCl 

yellow 

bright greenish yellow 

NaF 

yellow 

bright greenish yellow 

NaBr 

yellow 

bright greenish yellow 

Rbl 

violet 

green 

RbF 

violet 

green 

RbjSO, 

violet 

green 

LiCl 

red 

blue 

LiBr 

red 1 

blue 

Lil 

red 1 

blue 

up 

red 1 

blue 

LipO, 

red 1 

blue 

LijSO, 

red ' 

blue 


Furthermore, Lenard^ has noted the colors of the beads 
of fused salts. These results are in better agreement with 
the theory, since the beads could be removed from the flame 
when the quality of the luminescence was determined. The 
data are included in Table VIII. 

Table VIII 

Luminescence of Fused Salts 

Color of fused bead 

sky blue 
strong green 
blue 

yellow-green 


Salt 

Na 

K 

Li 

Cs, Rb 


^ Loc. cit. 
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Precipitation. — Bandrowski^ has examined a number of 
cases of crystalloluminescence produced by precipitation, and 
has pointed out the necessity of bringing about precipitation 
rapidly in order that there shall be emitted a light intense 
enough to be visible. His experiments were repeated, lest 
chance impurity in the salts modify the results or lest our 
descriptions of the same color differ. Table IX contains the 
results, Bandrowski s data being given under the heading B. 

These experiments are in a sense crucial in deciding the 
nature of the chemical reaction in the slow burning of sodium 
and the several kinds of luminescence of its salts, and the 
chemical reaction of rapidly buniing sodium and the anodo- 
luminescence of its salts. 

Thus a change from sodium as ion to the undissociated 
salt is the reaction causing the bluish luminescence, as ex*- 
pressed by the formulation 

Na-^^ — XaCl; 

and "in want of further knowledge — we can postulate the 
reaction from Na without charge to sodium as ion as the cause 
of the yellow light ordinarily considered the flame spectrum 
of sodium, according to the formulation 

Na — ► Na+. 

In terms of this hypothesis, the observation of Schmidt, 
that sodium chloride under anode rays gives first a bluish 
then a yellow light, is accounted for. the reaction ‘at first 
being the feebler one, later the more violent one. 

The observations of Leiiard* on the several sj)ectra of 
sodium, and of Wood and (ialt® on the fluorescence of sodiinii 
vapor would indicate, however, that this is not the sole hy- 
pothesis, and furthermore that several other reactions must be 
postulated to account for the several kinds of emitted light. 
In view of our present lack of knowledge on these points, any 
speculation would be premature. 


^ Zeit. phys. Chem., 15, 325 (1894). 
- Drude’s Ann., ii, 636 (1903). 

“ Astrophys. Jour., 33, 72 (1911). 
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Of course the same line of reasoning applies to the re- 
actions involved in the luminescence of the other alkali metals, 
lithium and potassium. 

Tablb IX 

Crystalloluminescence 


HCl as piiecipitant 
B Pamau 

bluish green bluish white 


green bluish white 


Electrolysis, — Schluederberg^ noted that on passage of an 
alternating current through dilute sulphuric acid, using lead 
electrodes, a greenish-white luminescence occurs at the elec- 
trodes, and Wilkinson^ carried out a number of experiments 
using various electrodes and solutions. The results are given 
in Table X. 

Table X 

Luminescence with Electrolysis 
Electrodes and Ions 
Cd + Br' 

cd + r 
Cd -f- SO," 

Cd + Cl' 

Zn -f SO," 

Pb + cr 

Pb 4 - Br' 

Pb f r 
Pb 4 SO/' 

Hg + cr 

Hg + Br' 

Hg 4 I' 

Hg f SO/' 

^ Jour. Phys. Chem., I2, 623 (1908). 

* Loc. cit. 


Luminescence 


intense yellow 
yellow 

greenish white 
faint 

bluish white 
yellow 

greenish white 
yellow-orange 
brilliant orange 
orange 

greenish white 


Alcohol in precipitant 


Salt * 

1 

1 

B 

Farnau 

Naa 

bluish 

bluish white 

NaBr 

; — 

bluish white 

Nal 

— 

bluish white 

KQ 

green 

bluish white 

KBr 

(weak) 

bluish (weak) 

KI 

— 

greenish (weak) 
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The discrepancy in the colors of the luminescence by 
electrolysis or cathodo-excitation on the one hand, and of 
chemical reaction of lead oxide and sulphur trioxide on the 
other, is accounted for by assuming the reaction of neutral 
lead into lead as ion, or of lead as ion to imdissociated lead 
sulphate for the former, and the reaction lead oxide plus 
sulphur trioxide yielding lead sulphate for the latter; according 
to the two formulations 

Pb — ^ Pb++; Pb++ — ► PbS04; 

PbO + SO 3 —*■ PbSO^. 

The Color of the Residue after Exeitation 

The color of the exposed salts is in all cases cited easily 
explained in terms of their decomposition products. But 
some observations of TafeP suggest other factors. Zinc 
oxide after long exposure to canal rays darkens in color 
without appreciable loss in weight. This was ascribed to the 
bombardment by the a particles, and this view w^as sub- 
stantiated by submitting zinc oxide in a screw-press to a 
pressure of about 50,000 atmospheres, and by grinding the 
oxide in a mortar whereby extremely high local pressures are 
obtained; in each of these cases, darkening of the zinc oxide 
occurred. A pressure of 500 atmospheres in a hydraulic 
press caused no color change. 

Furthermore, while the colorless oxide showed strong 
green anodoluminescence, none of the discolored varieties 
were active, nor w'as the oxide when prepared by precipitation 
of zinc sulphate with sodium carbonate, washing, and ignition 
at the temperature of the Bunsen burner. Tafel writes: 
“One must distinguish at least three forms of zinc oxide, 
one yellow-brown and two white. The colored and one of the 
white forms have lost the ability to fluoresce under action of 
canal rays.” As a classification this is admirable; but un- 
fortunately no explanation is offd-ed, first, for the color 
change of the compressed oxide, unless tossing it into the 
scrap-heap of ill-defined allotropic modifications constitutes 


* Drude’s Ann., ii, 613 (1903). 
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an explanation; and, second, for the loss of ability to fluoresce 
under anodo-excitation. 

It is true that in the latter instance, Schmidt’s* ex- 
planation that zinc oxide shows anodoluminescence only when 
impurities are present is rejected by Tafel on the grounds 
that the zinc oxide prepared by precipitation with sodium 
carbonate, which surely contains adsorbed sodium salt, did 
not show fluorescence. This would seem to be a step back- 
ward, for it is well known that while traces of some impurities 
increase the luminescence of many salts, larger amounts 
either produce no further effect or actually cause a decrease 
until the luminescence has quite disappeared. Doubtless 
the preparation of zinc oxide by precipitation with sodium 
carbonate belongs to this latter class in that it contains too 
much impurity, and had the zinc been precipitated with 
ammonium carbonate instead, a much purer product would 
have been obtained w'hich would have shown anodolumines- 
cence. 

A very simple and direct explanation of the color change 
of the oxide under pressure can be given. Amorphous zinc 
oxide, i. e., the supercooled liquid, when massive may be 
assumed to be yellowish, but in finely divided condition, as 
obtained, for example, by combustion of zinc or ignition of 
one of the salts, is colorless. The same thing is observed 
on powdering copper sulphate or potassium dichromate or 
discolored rock-salt, each becoming lighter in color as the 
degree of fineness increases, until finally the substances are 
practically pure white. The explanation in terms of optics 
is obvious. 

On the other hand, grinding may produce quite the 
opposite result; e. g., if on the one hand arsenic or antimony 
be rubbed in a mortar, the crystals are broken up and a state 
of greater subdivision obtains; but if lead or gold powder 
be similarly treated, the particles do not become finer, but 
are merely spread out, i. e., burnished, and where they overlap 

^ Drude's Ann., 9, 707 (1902). 
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are welded together, giving in each case the characteristic 
metallic luster. In like manner, zinc oxide will show this 
effect of burnishing, save that here the substance, being 
transparent, will give the color of its transmitted light. The 
phenomenon is not restricted to zinc oxide but is shown 
equally well by many amorphous substances, bismuth oxide, 
stannic oxide, zinc sulphide. Waentig* observed it in the case 
of phosphorescent alkaline-earth sulphides. 

The decrease in fluorescence of discolored substances 
is of common observation. It is probably due to absorption 
of the active radiation by the discoloring impurity. If in the 
case of zinc oxide the discoloration under anodic excitation 
is solely due to a mere pressure effect, and no decomposition 
occurs, it could be accounted for by decrease of the total 
surface of the substance, since the effect of anodic and cathodic 
excitation is only superficial. 

In order to imitate in the case of zinc oxide the crushing 
effect of grinding, the brittleness of the oxide was increased 
by poixring liquid air upon it in a porcelain mortar. If it be 
ground under the liquid air no discoloration is observed. 
On the other hand some, discolored by grinding at ordinary 
temperature, was ground under liquid air; it became color- 
less. 

These observations shed light on another set of 
phenomena, the change of color of oxides when hot and cold. 
Zinc oxide when heated in a matrass in the Bunsen flame be- 
comes yellow, but returns to its original color when cold. Bis- 
muth oxide and stannic oxide, similarly treated, become darker 
when hot and lighter in color when brought back to room 
temperature, but do not become white again. Cooling of 
the heated oxides causes disintegration of the coalesced 
particles, and in their original state of fine subdivision the 
masses show more or less their original color. This dis- 
integration is not complete in the case of bismuth and stannic 
oxides. 


‘ Zeit. phys. Chem., 44, 499 (1903). 



654 


E. F. Farnau 


An experiment was made of heating the surface of zinc 
oxide contained in a crucible with the point of an oxy-hy- 
drogen flame. A good deal of volatilization of the material 
occurred, but on cooling, whereas the mass of material re- 
gained its original color, that which had sintered together by 
immediate contact with the flame remained yellow on cool- 
ing. If was still yellow after several months. The analogy 
is evident between the results of this experiment and the 
making of a poor and a good joint in glass-blowing. 

According to Waentig, the activity of phosphorescent 
sulfides is increased by rapid cooling after ignition, and is 
decreased by grinding the substances in a mortar. All this 
is in line with the present explanation. 

These results may seem a bit irrelevant to the matter at 
hand. The experiments were instituted merely to account 
for discoloration effects of pressure, and are not intended to 
correlate such color changes with those produced by anodo- 
excitation. 

Color-Photography of Luminescence 

Manifestly, spectrographic investigation of the various 
sorts of luminescence is the ultimate criterion of the correct- 
ness of the hypothesis ascribing a common origin to lumines- 
cence, but lack of time and of the necessary apparatus pro- 
hibited this method. As a substitute for this more accurate 
method, color- photography was essayed. Dufay color-plates 
were employed on account of their reputed speed, ease of 
manipulation, and correct color rendition. The apparatus 
for production of cathodoluminescence was that already de- 
scribed. The plate was screened from X-rays by covering 
with lead foil all of the cathode tube save a small window 
just above the substance under excitation, the visible light 
being reflected by a mirror and focused by a lens onto the 
plate which was placed in a position not exposed to X-rays. 

In some preliminary experiments, successful results were 
obtained with the highly luminescent minerals, willemite 
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(yellow-green) and fluorite (deep blue), and with a red- 
fluorescent sulfide/ 

Summary 

1 . Luminescence is due to chemical reaction. 

2. Increase of the rate of reaction by increase of tem- 
perature or by addition of a catalytic agent increases the 
luminescence. 

3. The quality of the luminescence is but slightly altered 
by change of temperature. 

4. The quality of luminescence is but slightly altered by 
the nature of the catalytic agent. 

5. The quality of the luminescence is generally but 
slightly altered by the anion, being dependent almost wholly 
upon the nature of the cation; in a few cases a specific effect 
of the anion is noted. 

6. The quality of the luminescence is independent of the 
method of production, i. c., whether in a Bunsen flame, by 
electrolysis, precipitation, trituration, cathode rays, canal 
rays, ultraviolet light, chemical reaction, or as thermo- 
luminescence; although in many cases it can be changed to 
another entirely different kind of light by particular modes of 
excitation, e. g., by rapid chemical reaction or by canal rays. 

7. The chemical reaction producing a given luminescence 
can in some cases be formulated; e. g., sometimes being be- 
tween molecular substances, in others passage from un- 
dissociated substances to ions, or vice versa. 

8. Color-photography offers a means of somewhat more 
exact determination of the quality of luminescence. 

9. As a minor point, the alteration of the color of com- 
pressed substances may be due, in some cases at least, to mere 
agglomeration of tlie substances, and not to formation of 
allotropic modifications of them. 

* This portion of the research was conducted in collaboration with Mr. 
J, M. Lohr, and has been published in an original communication to the Eighth 
International Congress of Applied Chemistry, 20, 137. In a later paper now 
ready for publication (private communication), Mr. Lohr has substantiated the 
usefulness of the method in reproducing all save the faintest cathodoluminesccncc. 
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THE EFFECT OF LIGHT ON THE ELECTRICAL 
CHARGE OF SUSPENDED PARTICLES 


BY S. W. YOUNG AND L. W. PINGREE* 

With the extension of the theory of contact potential differ- 
ences to suspended particles, the measurement of such potential 
differences and the determination of the various factors which 
affect them are becoming matters of increasing importance. 
This is perhaps especially true because the phenomena have 
in all probability a more or less intimate connection with 
many biochemical processes. Quite a considerable number of 
investigations have had for their purpose the determination 
of the character and value of the charge upon bacteria and 
upon the various toxic and antitoxic bodies developed under 
infection. This is in continuation of Bordet’s idea that 
many, if not all, of the antigen-antibody reactions are ex- 
plainable as colloidal reactions of one sort or another. 

The determination of the charge on a suspended particle 
is no simple matter. It is usually done by subjecting the 
suspension to a given potential gradient (that is, by placing 
electrodes of known electromotive force at either end of a tube 
or trough containing the suspension) and noting the rate of 
migration in the one direction or the other. The rate of 
migration however depends upon a considerable number of 
factors, some of which are difficult to control. Thus, ^mless 
the suspension is electrolyte-free, changes in the character 
and concentration at the electrodes occur, and this causes a 
change in the value of the charge upon the suspended particle. 
The value of the charge also depends upon the size of the 
particles, that is, upon the degree of dispersion. This in turn 
depends upon a number of factors, that most difficult to con- 
trol being the age of the .stjspension. As van Bemmelen has 
showTi, the colloidal or suspension state is one of no rest, 
changes in aggregation and dispersion continually occurring. 

^ Abstracted from a thesis for the Degree of Master of Arts, presented hy 
L. W. Pingree to the Faculty of Stanford University, May, 1913. 



658 S. W. Young and L. W. Pingree 

The case that a suspension maintains the same degree of 
dispersion over any considerable length of time is exceptional. 

In addition to these and other difficulties is the fact that 
the tube or other vessel carrying the suspension is charged 
with respect to the medium, just as the suspended particles 
are. This results, in the potential gradient, in a current of 
medium flowing along the sides of the vessel, whose direction 
will be with or against the direction of migration of the sus- 
pended particles, according to the character of the charges 
of the vessel and of the particles with respect to the medium. 
Thus if the vessel and the particles both take on charges 
of the same sign, the current of the medium will flow counter 
to the direction of migration of the particles. 

In two recent papers, Risdale Ellis* has developed a 
method whereby the effect of the counter-current is elim- 
inated. The method consists in measuring the rate of migra- 
tion under the microscope. The suspension is placed on a 
special slide, and is contained between the slide and the cover 
glass which are adjusted at a known distance from one another. 
By focussing the microscope at different depths within this 
layer of suspension, the rates of migration at the surface of the 
glass and at different distances from it are directly measured. 
From these data, with the aid of an integration formula, the 
true rate is determined. 

The following investigation was undertaken in order to 
determine the limitations of the simpler method of measuring 
migration rates directly in U-tubes. This method has been 
considerably used, but is condemned by Ellis as unreliable. 
It would seem probable, however, that by increasing the 
diameter of the tube, a size would be reached where the effect 
of the flow of medium along the walls would be insignificant. 
In order to determine whether this were true, and if so what 
size of tube would be necessary, a set of U-tubes was made, 
all of uniform length, but of varying diameters. The diam- 


• Zeit. phys. Chom., 78, 321 (1911); So, 597 (1912). 
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eters were, respectively, 3, 4, 5, 6, and 8.5 mm. The potential 
fall in the tubes was always no volts. 

The first suspension subjected to investigation was one of 
colloidal arsenic sulphide, containing i gram to the liter of 
arsenic sulphide. This was prepared by the usual method of 
adding slowly to a solution kept saturated with hydrogen 
sulphide, a moderately dilute solution of arsenious acid. 
The excess of hydrogen sulphide was removed by bubbling 
pure hydrogen through, and the whole diluted to the above 
strength. 

The rate of migration of arsenic sulphide suspensions 
depends very considerably on the details of the method of 
preparation. The presence of an excess of hydrogen sulphide 
noticeably accelerates, while an excess of arsenious acid 
greatly retards. (Unpublished results obtained in this labora- 
tory by Mr. R. C. Pollock, and confirmed by Mr. Pingree.) 
For this reason a considerable stock of the reagent was made 
up and carefully kept in the dark and in tightly stoppered 
bottles. 

The first set of results obtained are shown in Table I. 
The total length of liquid column was in all cases 21.5 cm. 
Under I) is the distance wandered in centimeters. Under T 
is the time in minutes used in wandering the distance indi- 
cated under 1). The two columns for each tube of different 
diameter represent parallels obtained in entirely independent 
experiments. 

If one examines these results, it will be seen that they are 
in the first place very erratic. There is a general tendency to 
slow down after 3 or 4 cm have been traversed, which is in all 
probability due to slight accumulation and diffusion of acid 
around the cathode (from which the sulphide wanders) where- 
by the charge upon the particles as well as their degree of 
dispersion is somewhat reduced. This effect should, however, 
be more or less constant in all experiments and should not 
cause such wide variations as are shown. Temperature 
variations suggested themselves as a possibility in producing 
erratic results. Experiments were then undertaken to deter- 
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mine the magnitude of the temperature coefficient of the 
migration. Measurements were made under otherwise like 
conditions (as was then supposed) at temperatures of 2, 45, 
and 70° C, respectively. The results are shown in Table II. 


Table II 


Temperature 

D 

2C 

T 

■45 c 

T 

70 C 

T 

1 

II *5 

4-5 i 

2 5 

2 

16.0 

50 j 

1 3-5 

3 

18-5 

6.5 i 

1 3-5 

4 

23-5 

7.0 , 

1 3-5 

5 

28 0 

10 5 1 

1 3-5 


Thus the magnitude of the temperature coefficient is 
quite considerable, although hardly great enough to explain 
the wide discrepancy of the results given in Table I as being 
due to temperature variations likely to occur in a water bath 
about a laboratory. However from this time on, precautions 
were taken to maintain the tenqjerature constant, a tempera- 
ture of 20° C being chosen. Other sets of experiments were 
carried out just as in those forming the basis of Table I, and 
at constant temperature, but these gave fully as erratic re- 
sults. 

A further inspection of Table I will show that, in the 
first place, the variation between parallels is in general far 
greater than that between measurements in tubes of different 
diameters. Taking, in the second place, the results of the 
first three sets of measurements, namely IhoSe in the 8. ’5, 
6 and 5 mm tubes, it will be noticed that the first of each pair 
of parallels in all three cases agree very well indeed with one 
another, and that the same thing is true of the second sc'ries 
of these same three parallels. Especially is this to be seen 
from an inspection of the total time as given at the bottom 
of the table. That is, A results agree with one another, and 
B results agree with one another, but A and B results do not 
agree. In thinking over this apjJhrently paradoxical situa- 
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tion, it occurred to us that the A results of the first three sets 
had been made on one day, and the B results on another, 
while the results of the last two sets (4 and 3 mm tubes), had 
been made at odd intervals. As the weather during this 
period had been very changeable, an alternation of light and 
dark days, it was thought possible that the rate of migration 
of the particles may have been somewhat influenced by un- 
equal illumination on the different days. Plans were im- 
mediately made to test this hypothesis. 

For migration in the dark a soap box was painted black 
on the inside and covered over with black cloth. In this was 
placed the migration apparatus in a constant temperature 
water bath, and along with it a small 10 volt lamp, which 
could be flashed occasionally in order to make the necessary 
readings. For migration in the light, apparatus was arranged 
so as to obtain exposure to direct sunlight, when such was 
available, and also a small 5 ampere carbon arc with a con- 
densing lens was arranged so that it could be focussed on the 
migrating line within the suspension. Most of the measure- 
ments were made with the arc, as the weather was generally 
unsettled at that time. A Nemst lamp was also used occa- 
sionally. 

Table III gives the results of a series of measurements 
made to determine the effect of illumination. The source of 
illumination was the carbon arc. Under T^ are the times of 
wandering in the light, and under T^ are the times of wander- 
ing in the dark. Table IV gives the results of another set of 
observations made in tubes 30 cm long. 

An inspection shows very clearly the presence of a light 
effect on the rate of wandering of colloidal arsenic sulphide. 
The effect of illumination is invariably to retard the rate, 
and that to an extent which may (in 3 mm tubes) exceed 
100 percent. The results obtained in the dark show a quite 
reasonable agreement considering the relative crudity of the 
apparatus and method used. The results in the dark given 
in Table IV were made rather more carefully, and show quite 
satisfactory agreement throughout. It may be stated that 
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Table III 

Length of tubes, 1 8 cm 
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all determinations were made in duplicate, and that the 
agreement between duplicates made in the dark was always 
quite good. The results in the light do not show as good 
agreement, although invariably showing a much lower rate 
than those in the dark. There is a quite constant tendency 
in the case of measurements made in the light to show an 
increased rate after the first centimeter, which later falls off 
again. This increased rate, however, never becomes as great 
as the corresponding rates in the dark. For this phenomenon 
we have no explanation at present. 


Table IV 

Length of tubes, 30 cm. Diameter of tubes, 4 mm 


D 

To 


Tl 

I 

5-5 

6 0 

10 0 

2 

6 0 

5.0 

10.5 

3 

\ 7 0 

6.0 

5 

4 

8 0 

8-5 i 

i 13 

5 

11.0 

0 

20,0 

Total time 

37*5 

. 35-5 

65 0 


As to the influence of the diameter of the tubes on the 
rate of migration, the results in the dark show nothing more 
than fluctuations to be expected from the present degree of 
experimental accuracy. The results in the light might at 
first be taken to indicate that under conditions of illumina- 
tion, there is a distinct tendency toward slower migration in 
the tubes of smaller diameters. That this is to be definitely 
ascribed to flow of medium along the glass seems, however, 
rather doubtful. If the current is counter to the direction of 
migration of the particles, as has been shown by Ellis* to be 
the case for glass vessels carrying negatively charged sus- 
pensions in water, the effect of such counter-current will 
consist of two factors working in opposition to one another. 
In so far as the current is one of medium only, it will give an 


• Loc. cit. 
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apparent acceleration to the migration of the suspended 
particles. In so far as the counter-current carries suspended 
particles with it, it will tend toward an apparent negative 
acceleration of the particles. It will be difficult, therefore, to 
tell in any given case what the effect will be. Ellis’s measure- 
ments were all made on columns of liquid about six-tenths of 
I mm in thickness, and consequently throw little light on the 
conditions in much thicker columns. The frequent occurrence 
of a curved surface of migration, noted by various investigators, 
appears at first sight to lend support to the theory of a large 
counter-current effect. From our observations, however, 
this is not necessarily the case. We have frequently ob- 
served this phenomenon, especially with bacterial emulsions. 
In some cases such surfaces will develop to a very marked 
degree, so much so occasionally as to form a hollow cone 2 
cm or more in depth, while in what should be a perfect parallel 
e>rperiment, the migration surface will remain quite flat. 
While there can be no doubt that the counter-current effect 
is a real one, we are rather inclined to think that quite a great 
portion of the reduction of migration rate in small tubes 
(Table III) is due to a different cause. If one considers that 
when a bundle of rays of light normally strikes the surface of a 
cylinder, these rays are refracted to a focal line or axis, it will 
immediately be seen that the location of the focal line will 
depend upon the refractive index of the material of the 
cylinder, and upon its diameter. In larger cylinders it will 
lie without the cylinder, while in smaller ones (of shorter 
radius) it may lie within. In any event, the smaller the 
radius of curvature of the cylinder, the stronger will be tlie 
convergence of light within it. Thus with tubes of small 
diameter the intensity of illumination will be greater than in 
those of greater diameter, under the same source of illumina- 
tion, whence a greater retardation will be found in small tlian 
in large tubes. This seems especially plausible since this 
effect is only to be found w'hen illumination occurs. The 
rates in the dark are roughly independent of the diameters 
of the tubes used. In order to settle these matters satis- 
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factorily, it would seem wise to work with flat-sided tubes, 
in order to avoid uneven distribution of light, and plans for 
such an investigation are under way. In the meantime it 
seemed advisable to extend the work to other colloids and 
to other factors which might throw more light on the general 
phenomena of light sensitiveness. 

Before leaving arsenic sulphide, however, the results of 
measurements to determine the effect of small amounts of 
acid and alkali upon the rate of wandering will be given. 
These are most instructive when plotted as curves, which has 
been done in Fig. i. Ordinates are distances in centimeters, 



I'ig- > — Plot of Migration in Arc-light Illumination 

Curve ( I ) AsjSg of concentration i gr. per liter 

Curve (2) ASjS, of concentration i gr. per liter, N/tooo with NaOH 

Curve (,i) ASjS, of concentration i gr. per liter, N/iocxj with H,SO, 

while abscissae are total times in minutes. It will be noticed 
that in the thousandth normal acid there is at first a con- 
siderable acceleration which, however, soon falls off. It 
appears most probable that the initial acceleration is per- 
fectly normal, and that the subsequent falling off is due to a 
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slow increase in the aggregation of the particles. In the case 
of the alkali, the first effect is a reduction in the rate, followed 
later by an increase. This is explainable in the same way, 
that is, as due to a subsequent gradual increase in the degree 
of dispersion of the particles. If this reasoning is correct, 
it seems safe to say that the effect of acid is to accelerate 
and the effect of alkali is to reduce the rate of migration, but 
that both produce subsequent changes in the degree of dis- 
persion of the suspended substance, which more or less obscure 
the earlier and normal effects. 


Experiments with Coiloidai Ferric Hydroxide 

Colloidal ferric hydroxide was prepared by the usual 
method of hydrolysis. Ferric chloride was used and the 
hydrolysis carried on for ten days or more. At the end of 
this time the hydroxide was found to be in a somewhat 
flocculated condition. Migration experiments were carried 
on with this material as well as with samples of it to which 
minute amounts of dilute acetic acid had been added, fol- 
lowed by boiling, in order to increase the degree of dispersion. 
Table V gives the results of these measurements. Instead of 
following the migration centimeter by centimeter, the total 
distance wandered after a certain time was determined. 
This was thought to be sufficient, as only comparative re- 
sults were needed at this time. In Table V the total time 
allowed was 27 minutes. Sample i was the original dialyzed 
material. Sample 2 contained a very small amount of acetic 
acid, and results are given in dnplicate. Sample 3 contained 
a somewhat greater amount of acetic acid. The carbon arc 
was used for illumination. 

T.mjle 

Time of migration, 27 minutes 


Sample 

1 

2 
2 
3 


Dd 

Dl 

5-3 

5.0 

4-3 

4.0 

4-4 

4.0 

3-4 

3*2 
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Thus there is an invariable reduction in the migration 
rate of ferric hydroxide under the influence of illumination. 
A far greater number of measurements were made than are 
reported here, always with the same result. Thus, while the 
effect is a relatively small one, amounting to only 6 or 8 
percent, there is no reason to doubt that the phenomenon 
is a genuine one. The results are of especial interest at this 
point, as the ferric hydroxide is a positively charged colloid,, 
whereas arsenic sulphide is negatively charged. 

Gum Hastle 

Emulsions of gum mastic were prepared by dissolving the 
gum in absolute alcohol, and adding a few drops of the solu- 
tion to a considerable volume of pure water. Thrfee emulsions 
of different concentrations were prepared, sample i being the 
most concentrated, and sample 3 the most dilute. The re- 
sults are given in Table VT. 


Tabu; \'I 

Time of migration, 21 minutes. Arc light used 


Sample 

I>D 


I ; 

0 45 

0 . 90 

2 i 

2-5 1 

3-3 

3 ' 

3-2 

4-2 


Here it is seen that the acceleration under the influence 
of light is positive and of very considerable magnitude, reach- 
ing in case of sample i a value of too percent. The rapid 
increase in migration rate with increasing dilution, that is, 
with increasing degree of dispersion, is very clearly shown. 

Common Rosin 

Emulsions of common rosin were prepared by the same 
method as was used with the gum mastic, and their migration 
rates measured both in the dark and under arc-light illumina- 
tion. The results were precisely like those with mastic 
emulsions, except that the light sensitiveness was somewhat 
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less, amounting in some cases, however, to as much as 30 or 
40 percent. 

Chlorophyll 

A quantity of chlorophyll was prepared by extracting 
green grass with alcohol, evapKjrating at room temperature 
to dryness, and again extracting with a small amount of 
absolute alcohol. There was thus produced a highly con- 
centrated solution which showed reddish brown by reflected, 
and deep olive-green by transmitted light. Emulsions were 
prepared by adding a few drops of this solution to considerable 
volumes of water, and measurements of migration rates in the 
dark and under arc-light illumination were carried out. The 
results of a few of these measurements are given in Table VII. 



Table VII— 

-Chlokophyll 



Time of migration 

as specified 



Arc-light illumination used 


Sample 

Time 

Min 


I>i) 

I>L 

1 

15 


5 3 

5 

2 

1 1 5 


4 2 

4 4 

3 

10 


3 4 

3 9 

4 

10 1 


3 

4* 


The chlorophyll showed itself to be negatively charged 
like mastic and rosin. After wandering for a few centimeters, 
the migration surface became wavy and uncertain, so that the 
times of migration are all rather short. Again a positive 
acceleration is invariably shown, whose value is, howeA er, 
smaller than for mastic or rosin. 

Experiments with Bacteria 

It is a well-known fact that bacteria, when suspended in 
aqueous solutions, are in general negatively charged with 
respect to the medium, and consequently, when placed in a 
potential gradient, they wander toward the anode, just as do 
arsenic sulphide, mastic and the like. It was thought to be of 
interest at this point, to determine w'hether or not they, too. 
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wwe influenced in this respect by light. Cultures of several 
species were started, and kept on hand by transplanting on 
agar slants, by the usual method. The species mostly used 
w^e Sarcina flava, Sarcina rosea, and Bacillus prodigiosus. 

Emulsions of these bacteria were prepared as follows, 
using isotonic glucose solution as the disposing medium in 
order to avoid electrolytes : Into the slant in which was a well- 
developed culture, a couple of cubic centimeters of the glucose 
solution were placed, then with a sterile platinum loop the 
bacteria were scraped loose from the agar and rubbed up with 
the glucose to a smooth, thick emulsion, care being taken not 
to disturb the agar bed of the slant. This emulsion was then 
poured off, the tube rinsed with another small portion of 
glucose solution, which was added to the first. The whole of 
this emulsion was then diluted to 15 or 20 cc with glucose 
solution, which gave from one culture sufficient material for a 
number of measurements. 

In Table VIII is given a set of the results thus ob- 
tained. 

Table VIII 

Time of migration, 20 minutes 
Arc-light illumination 


Species 

i I>D 

i._ 1 

! 

S. flava 

1 5-0 

4.0 

S. rosea 

j 4-2 

3*2 

B. prodigiosus 

1 3.8 

30 


In Table IX are the results of measurements on B. 
prodigiosus to determine approximately the relative effects 
of sun and arc light. 

Table IX 


Bacillus prodigiosus. Time of nugration, 20 minutes 



Do 

^Arc 

* J 

Dsun 


4.4 ! 

3*6 

3.6 
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Thus bacteria, like arsenic sulphide, experience a con- 
siderable reduction in their rate of wandering under the in- 
fluence of illumination, and sunlight and the carbon arc 
are roughly equal in their effects. A large number of results 
have been obtained, but only a few are given here, for the 
reason that the conduct of bacteria at times seems very com- 
plex. For example, the migration rate for a given species 
seems to vary in different cultures. Furthermore, the 
measurement of the rate of wandering in the light is often 
complicated by the formation of most curious migration 
surfaces. Very deep conical surfaces are sometimes formed, 
so that the bacteria near the surface of the glass of the tube 
(where illumination is most direct) seem scarcely to wander 
at all while those in the axis (or near it) of the tube wander 
quite well. Curiously enough it, very often happens that the 
axis of the conical surface in considerably displaced, giving 
rise to such surfaces as are shown in Fig. 2, the source of 



-F/gf.2- 

illumination being considered at the right. It is believed that 
these phenomena are all to be explained as due, in the main, 
to unequal distribution of light in the tube, and it is hoped 
that experiments with flat-sided tubes will settle this matter. 

A considerable number of experiments have been carried 
out for the purpose of determining the differences in conduct 
of dead and living bacteria,, if such exist. While this work 
is by no means complete, such results as have been obtained 
seem to indicate quite clearly that the rate of wandering of 
dead bacteria is considerably less than that of live ones, and 
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that their light sensitiveness is also somewhat less, although 
it does not seem to disappear entirely. The work has been 
greatly hampered by the formation of irregular migration 
surfaces in the light. 

The influence of the presence of small amounts of acid and 
alkali on the migration rate of B. prodigiosus, both in the 
dark and in the light, was also determined. The results are 
showm in Table X. Similar determinations were also made 
using Sarcina rosea, and gave perfectly similar results, except 
that the taking of readings in the light was very difficult, 
owing to the irregular migration surfaces. It has been our 
experience in general that, for some reason, B. prodigiosus 
gives more even surfaces in the light than do the Sarcinae. 

Table X — B. Prodigiosus 
Time of migration, 30 minutes 


Solution 

Dd I 


Neutral 

5-5 1 

50 

Neutral 

5.4 ! 

50 

N/igooH^SO^ 

5.6 1 

5-3 

N ! ICXK) H2SO4 

5.8 1 

5-4 

iV/ioooNaOH 

5-2 1 

4 8 

AT/ioooNaOH 

— j 

4.8 


Thus the migration rate is accelerated measurably by 
small amounts of acid and retarded by like amounts of alkali, 
and the effect is shown both in the light and in the dark. 
Larger amounts of acid are known to retard the rate of wander- 
ing very materially, in fact, bacteria may be made to wander 
in the opposite direction, toward the cathode, by sufficient acid 
concentration. In small amounts there is however an accelera- 
tion and this completely in keeping with the conduct of 
arsenic sulphide. 

Diseussion of Results 

In the foregoing it has been shown that all suspensions, 
emulsions and colloidal solutions investigated show a very 
distinct light-sensitiveness with respect to their rates of 



Effect of Light on Suspended Particles 673 

migration in the electrical potential gradient. In some cases 
the effect is a positive, and^in other cases a negative accelera- 
tion. This effect is readily explainable in either of two ways : 

(1) The influence of light is to affect the degree of dis- 
persion of the suspended matter, increasing the dispersion 
in cases of positive acceleration and reducing it in cases of 
negative acceleration. 

(2) The influence of the light is a direct one upon the 
static charge carried by the suspended particles, increasing 
this charge in case of positive accelerations, and reducing it 
in the case of negative accelerations. 

If it were not for the fact that bacteria, whose degree of 
dispersion cannot alter in any ordinary sense of the word, are 
also affected by light as are other suspensions, it might be 
difficult to choose between the two hypotheses. But since 
bacteria cannot well change their degree of dispersion, it seems 
certain that, at least in their case, the effect must be upon the 
value of the normal static electrical charge which they carry. 
It is also highly probable that in other cases also at least a 
considerable portion of the effect is to be ascribed to the same 
cause, although changes in the degree of dispersion may also 
occur. In fact such changes in the degree of dispersion would 
in all probability naturally follow as a result of the change 
in the value of the charge, since it is usually considered 
that the degree of dispersion or aggregation is, to a great 
extent, dependent upon the charges carried by the suspended 
particles. While it is not true that coagulation or agglutina- 
tion occurs always at the isoelectric point, that is, at the point 
where the potentials of the particles and medium become 
equal, it is nevertheless quite certain that in a general way the 
approach toward the isoelectric point favors such a result. 

It spems most plausible at the present time to consider 
the above-described effect as primarily a photo-electric one, 
and any changes in dispersion which may occur as resultant 
and secondary. In this connection it is interesting to note that 
Freundlich and Schucht^ have recently noticed that the 

' Freundlich and Schucht: Zeit. phys. Chem., 8o, 564 (1912) 
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reaction between colloidal arsenic sulphide and certain cobalt- 
ammonium salts is light-sensitive to a high degree. Bovie* 
hnds that albumen and other proteins are not only coagulable 
by ultraviolet light at low temperatures, but that many re- 
actions of decomposition, similar to those occurring on heat- 
ing, also take place. The coagulation is readily explained 
as due to a reduction of the electrical charge, and since, as 
Freundlich and Schucht’s work shows, chemical reactions 
may be accelerated between a colloid particle and a substance 
dissolved in the medium and probably with the medium it- 
self when the system is exposed to light, it is quite possible 
that Bovie ’s decompositions are to be explained as funda- 
mentally photo-electric effects. 

The experimental results reported in this paper lead quite 
naturally to an interesting theory of free oxidation, especially 
in heterogeneous systems, as well as to a simple photo-electric 
theory of photochemical action in general. This theory will 
be discussed in a subsequent paper. The results obtained 
suggest many lines of further investigation, some of which 
are already under way, and others will be started as soon as 
possible. A mercury quartz arc and quartz migration tubes 
are also being provided, in order that the investigations may 
be extended into the ultraviolet field, where, it is natural to 
suppose, much larger effects will be found. 

Stanford University, Cal,, May 1913 


^ Bovie* Science, 35, 24 (1913). 



COLOR PHOTOGRAPHY OF LUMINESCENCE 


BY J. M. LOHR 

It was pointed out in a preliminary paper ‘ that success- 
ful use had been made of color photography to determine the 
quality of the visible light emitted during cathodoluminescence, 
and that in the preliminary experiments, photographs of the 
light from highly luminescent minerals such as willemite 
(yellow-green) and fluorite (deep blue), and from a red 
fluorescent sulphide had been obtained. 

This paper deals with the photographing of the much 
fainter cathodoluminescence of salts of the alkaline halides 
and some other salts, and of the flames of various substances. 

Cathodolumloeseence 

The cathodoluminescence was excited by exposing to 
cathode rays substances contained in an 8 inch by i '/j inch 
cathode tube consisting of two halves connected by a ground 
joint and a mercury seal. The lower half contained the sub- 
stance and the upper half the ring anode and disc cathode. 
The tube was mounted on a wooden framework in such a way 
that the body of the tube proper was inclined about 30° from 
the vertical, thus allowing the side arm of the cathode tube, 
which is joined to its lower half, to rest in a horizontal posi- 
tion. A ground-glass hollow stopper leading from this horizon- 
tal arm was fused to a glass tube which led to the vacuum 
pump. A small glass pan or spoon mounted on a glass rod 
support about 3 inches high and tipped slightly in front from 
the horizontal was placed in the tube for the purpose of hold- 
ing the substances. A small wooden box painted black and 
with part of the bottom removed was placed down over the 
cathode tube and held securely in position at the bottom. 
The front of the box was beveled so that the cover or door 
rested in a slanting position and parallel in front to the en- 

‘ Parnau and Lohr: Eighth International Congress of Applied Chemistry 
»Oi J37 (i9«2)- 
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closed cathode tube. This door, save for a small round hole 
opposite the spoon holding the substance to be used under 
the cathode rays, was covered with lead to cut off the X-rays. 
The light emitted by the action of the cathode rays on the sub- 
stance under consideration passed through the small opening 
in the front of this closed box and through a condensing lens 
to a mirror placed at such an angle that the rays striking 
it were reflected downward in a vertical path so as to strike 
the color plate placed in a horizontal position. The color 
plate in this position was out of the range of any X-rays which 
might come through the opening in the box. This simple 
mechanical arrangement was very satisfactory and rendered 
easy the introduction of new substances into the tube. 

The vacuum was maintained by means of a two-cylinder 
Geryk oil pump and a Gaede rotary mercury pump, connected 
in series. For substances very highly luminescent, such as 
willemite, the vacuum from the Geryk pump was sufficient, 
but for the much fainter light of most of the salts used in this 
work, the addition of the Gaede pump was necessary. When 
using these pumps in series, the Geryk pump was first used to 
obtain a vacuum of about 20 mm of mercury, at which point 
the Gaede pump was started and both were run together, the 
Gaede pump serving to evacuate the tube, and itself in turn 
being evacuated by the Geryk pump. Motion to the two 
pumps was supplied by a small motor placed between them. 

An induction coil furnished electrical energy. It was 
connected to the no volt circuit through a bank of lamps 
placed under a box lined with asbestos, and the terminals of 
the coil were connected to the terminals of the cathode tube 
through rubber stoppers fastened in the box covering, and 
serving as insulators from the lead covering of the box. 

The whole apparatus was set up in a dark room which 
acted as a camera. 

Dufay color plates were used. As the light from most 
of the substances was rather faint, the rays had to be con- 
densed to a circular image of less than an inch in diameter. 
For this reason it was not necessary to use the plates of the 
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regular lantern size, 3 V/ X 4", but each plate was cut into 
four parts, and a single exposure taken on each part thus ob- 
tained. (Smaller plates of about i*// X 2" may be gotten 
by order from Paris. This would be preferable, as the 
plates must be cut in the dark, and in spite of the greatest 
precaution, small particles of glass quite frequently stick 
to the emulsion of the plate and cut it, thus rendering it 
useless for a perfect slide.) 

The materials used under the cathods rays were c. p. 
salts, dried in the oven at the proper temperatures or, in some 
cases, fused. They consisted of sodium bromide, chloride 
and iodide, potassium bromide, chloride and iodide, an- 
hydrous cadmium sulphate, cuprous iodide and mercurous 
chloride. The sodium iodide was made anhydrous by crystal- 
lizing from alcohol and drying with ether. 

The times of exposure to obtain the best photographs 
varied somewhat for each substance, being anywhere from 
three to ten minutes, and were determined by preliminary 
trial. This was usually done by taking for each substance 
a number of exposures side by side on a single plate, varying 
the time and developing, after which it was determined just 
what lime of exposure gave the best results. The stronger 
blue light from potassium bromide, potassium chloride and 
sodium bromide was easily photographed, requiring about 
five minutes’ exposure. The plates were also very sensitive 
to the green from potassium iodide but only slightly sensitive 
to the paler blues from the faint luminescence of sodium iodide 
and sodium chloride. For the last two, ten minutes seemed 
to give the best results, but with such a long exposure of the 
salts to the effect of the cathode rays, the color of the rays 
seemed to be obscured by a dark coating over the salt, pre- 
sumably a decomposition product. Exposures of various 
lengths were made, but it was impossible to obtain a correct 
color representation on the plate. It was also very difficult 
to obtain a correct image of the yellow from cadmium sul- 
phate. In every case, after developing the plate, the photo- 
graph had a slight greenish tint. The color plates were very 
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sensitive, however, to the beautiful orange from mercurous 
chloride, but an exposure of more than 10 to 15 seconds re- 
sulted in the salt becoming covered with a dark coating, 
presumably an emulsion of mercury and mercurous chloride, 
which obsctued the color rays. This was avoided by placing 
the plate holder in permanent position and taking single ex- 
posures of ten seconds each, on the same part of the plate, 
after which the plate holder was closed, the current stopped, 
and fresh salt introduced into the tube. This was a long, 
tedious process, requiring time for a vacuum after each in- 
troduction of salt, but twelve such exposures on the same 
plate produced very good results. 

Flame Lumineseenee 

This work was done in the hood of one of the laboratories 
made totally dark. The substances were usually burned 
in the flame of a Bunsen burner, behind a screen of black 
paper, containing a small opening just above the substance 
to be burned. The plate holder was held in a vertical posi- 
tion by a clamp fastened to an iron stand, and a condensing 
lens was interposed. The substances were held in different 
ways over the Bunsen burner depending upon the nature of 
the substance. It was not difficult to obtain characteristic 
flames of the different substances, but considerable trouble was 
encountered in producing flames of perfectly pure color un- 
mixed with that of the Bunsen flame itself, or that of the 
oxidized substance already formed by the burning. 

The flames of sodium, potassium, lithium, arsenic, copper, 
and boric acid were photographed. 

For sodium and potassium, the best results were ob- 
tained by placing the carbonates in a small boat-shaped basket 
of platinum wire, held by an iron stand just below the opening 
in the screen in front of it. By so placing the burner that the 
flame would split on the edges of the basket toward the screen, 
the half of the flame facing the screen would shoot upward 
giving a sheet of the characteristic colored flame, sufficiently 
bro^ to cover the range of the circular opening in the screen. 
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and would thus produce a circular image on the photographic 
plate. Both the sodium and potassium flames were easy to 
photograph, but different exposures ranging from two to ten 
minutes produced different intensities of the image on the 
plate, all of which were readily distinguishable when repro- 
duced from the lantern. The same method was used for 
lithium, but it was almost impossible to obtain the char- 
acteristic bright red flame in volume, purity, and for a length 
of time sufficient for a successful exposure. 

The yellowish green flame of boric acid was obtained 
in a manner similar to that used for the above-mentioned 
salts. 

The playing of the Bunsen flame over metallic copper 
gives a beautiful, clear green flame to which the color plate is 
very sensitive, but after about a minute of burning, the green 
flame becomes diluted by yellow, probably caused by the 
oxidized copper. This was avoided by causing the flame just 
to graze the folded edge of a piece of copper gauze placed 
at an angle of about 45°. By this method the clear green 
copper flame could be produced for a time sufficiently long 
for an exposure. 

In all of this flame work the best results were obtained 
by using a fish-tail attachment to the burner, with the slit 
made wider and shorter so as to produce a flame having a 
cross section almost square. 

An effort was made to photograph the bluish white zinc 
flame, but it is extremely difficult to obtain such a flame of 
sufficient volume and without interference flames from the 
burner. The rapid formation of zinc oxide at the surface of 
the molten zinc also tends to interfere with the formation of 
a flame suitable for photographing. 

Photographs of mercury vapor were also taken, but they 
were difficult to recognize when thrown on the screen from the 
lantern on account of the similarity to white light. 

The plates after being developed were made up into 
lantern slides. But before preparing the slides, the plates 
after thorough drying were tested out in the lantern, and some 
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interesting limitations of the Dufay plates for lantern slides 
were observed. In practically every case, the colors blue, 
green, etc., as exhibited on the plates, when left in the lantern 
continuously for about five minutes, would be replaced by 
variegated colors of different hues. When, however,' thd 
plates were allowed to remain in the lantern for spaces of 
one-half to one minute, withdrawing and allowing to cool each 
time, they could be thus .successively used in the lantern an 
indefinite number of times without change of color. To 
test the effect of heat and light separately, a plate bearing 
the image of blue light from the cathode excitation of potas- 
sium bromide was placed in a dark oven at 70° C and found 
to change color within three to five minutes. Another plate 
was placed on the window ledge of the laboratory in the direct 
afternoon sunlight and w’as found to change color in several 
hours. Also several plates of potassium bromide were al- 
lowed to lie in the laboratory on a table exposed to daylight 
but not to sunlight, and were found to change color after 
several weeks. The cause of this changing of color or “fad- 
ing” under the influence of heat may be due to the decom- 
position of the dyes on the plate, but is more likely due to the 
unequal expansion and contraction of the gelatine film on the 
plate. The slide consists of the complete rulings of ink or 
dye, patches of which are masked by opaque silver contained 
in a superposed gelatine film. The heat of the lantern very 
likely causes unequal expansion and contraction of the gelatine 
film owing to the probable presence of moisture, thus causing 
the patches of silver to move out of position with respect 
to the color rulings and thus expose other colors. It is not 
evident just why daylight should produce such changes of 
color. 

The plates were made up into lantern slides of size 
by 4". The smaller-sized plates already mentioned bearing 
the images were inlaid in the center of a cardboard of the size 
3 V/ X 4" and of the same thickness as the glass plate. 
This was then covered on the emulsion side by black paper, 
with a circular opening just over the image, and next to this 
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was placed a cover glass. On the other side of the cardboard 
bearing the glass plate was placed thin black cardboard also 
having a circular opening just over the image and the whole 
was bound around the edges by tape. To compare the 
gradation of colors, the three plates from sodium salts were 
made up into one, as were those of the potassium salt, 
thus producmg rather effective slides. 

Summary 

Successful use is made of color-photography to de- 
termine the quality of the visible light emitted during cathode 
luminescence and also the quality of light emitted by the 
flames of various substances. 

The Dufay plates are not particularly sensitive to the 
very faint cathodoluminescence of some of the halogen salts. 

In the use of the Dufay color plates for lantern slides, 
the intense heat and light of the lantern place a limitation 
on the length of time that the slide should be left in the lantern. 

This work was taken up at Prof. Bancroft’s suggestion, 
and I desire to thank him and also Mr. E. F. Famau for many 
helpful suggestions. I also wish to thank Dr. R. P. Anderson 
for the use of the spectroscopic laboratory and dark room. 

C ornell University, Sept., 1<)12 



A NOTE ON THE ROLE PEAYED BY THE CARBONATE 
IN PHOTOGRAPHIC DEVELOPMENT^ 

BY J. HOWARD MATHEWS AND FLOYD E. BARMEIER 

The statement is commonly made that the function of 
the carbonate in a photographic developer is to open the 
pores of the gelatin so as to provide readier access for the 
developer to the altered silver halide grains. 

No record of any measurements on the rate of diffusion 
of carbonate solutions into gelatin having come under the 
observation of the writers it seemed to us to be highly de- 
sirable to make such measurements. 

A rather thick gelatin solution containing a trace of 
phenolphthalein was cast in glass tubes of V4 in- diameter 
and allowed to set. The tubes were then cut off sharply so 
as to produce a square edge and the gelatin was cut square 
across with a sharp knife. The tubes so prepared were 
placed in solutions of sodium and potassium carbonates, care 
being taken to ensure their being immersed to the same depth. 

The carbonate diffused into the gelatin and produced a 
pink color having a very sharp boundary. The rise of the pink 
column in the tubes was accurately measured by a good 
cathetometer. 

It was found that the rate of diffusion increased with the 
concentration up to a certain limit and then fell off again. 
This may be due to a hardening action of the carbonate on the 
gelatin. It is curious, and significant, to note that the solu- 
tion having the greatest rate of diffusion is one having a 
concentration of carbonate which is the same as is customarily 
used in a normal developing solution. 

Judging from the form of the accompanying curves which 
give the behavior of the solutions investigated, it seems likely 
that there is a certain strength of carbonate solution which 

*A paper read before the Eighth international Congress of Applied 
Chwistry in New York, September* 1912. 
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would diffuse more rapidly than any other, and that in all 
probability this would be the concentration most desirable 
in a developer. Lack of time has prevented our making 
further determinations along this line. It seems likely that 
this optimum value for the concentration of the carbonate 
solution depends on the particular gelatin used, and possibly 
on the water content of the solidified gelatin on the plate. 




These measurements support the statement that the 
function of the carbonate is to open the pores of the gelatin — 
though this probably is not the whole story — and the accom- 
panying curves show why the carbonate may vary within 
certain, yet rather wide, limits. 

The data obtained in these measurements, and the curv es 
derived therefrom, appear below; 
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RAPID REFINING OF COPPER WITH A ROTATING 

CATHODE 

BY C. W. BENNETT AND C. O. BROWN 

Electrolytic refining of copper, as it is ordinarily done, 
is carried out with a current density of from 2 to 4 amperes 
per square decimeter of cathode surface. The amount of 
copper precipitated in one or two hours by a current of this 
density is small unless the cathode surface be very large. 
For the purpose of demonstrating electrolytic refining as a 
laboratory experiment, the apparatus must be small, the 
amount of metal deposited must be appreciable, and the 
time must be limited. It has been .shown previously* that if 
the cathode be rotated rapidly, the current density can be 
increased greatly, current densities up to about 425 amperes 
per square decimeter having been used. With a small 
apparatus using current densities of this size, sufficient amounts 
of copper for demonstration purposes can be deposited in a 
short time, and appreciable amounts of the impurities may also 
be obtained as slimes. It was thought advisable, therefore, 
to make a few tests on the rapid refining of copper to show 
that it could be done, and also with the idea of using it as a 
laboratory experiment. These experiments, of course, have 
very little practical value, and serve only to show that the same 
conditions obtain in rapid refining as in the commercial re- 
fining. They also give another instance of the rapidity of 
electrochemical work when the solution is stirred vigorously. 

The conditions of these experiments, with the exception 
of the anodes, were practically the same as those obtaining in 
the previous work on this subject.** For this work, howe\'er, 
it was decided to design a more compact apparatus than that 
previously used. The apparatus as actually used will be de- 

’ Trans Am. Elcctrochem. Soc., 21, 253, 268 (1912); Jour. Phys. C'hcm.. 
16, 310 (1912). 

’Trans. Am. Elcctrochem. Soc., at, 233 (1912): Jour. Phys. Chcm , 16, 
294 (1912); 17, 373 (i9J3)- 
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scribed in some detail. The assembly drawing of the ap- 
paratus is shown in Fig. i. The mechanical details, should 
any one desire to build the cathode, are shown in Figs. 2 and 
3.* Upon the base of a one-half horse power direct current 
motor was mounted a face plate through which the shaft 
of the motor projected. Upon the shaft of the motor was 
mounted directly a wheel which has a worm gear cut on it. 
This worm wheel actuates a worm gear which was cut on the 
shaft, which was mounted vertically. This shaft operates 
in three bearings, two at the top and one at the bottom. 
The worm wheel turns clockwise, so that the shaft thrusts 
upwards. There is, therefore, a thrust bearing at the top, 
and also a radical bearing. The bearings are held at the top 
and bottom in iron cups, which in turn are held in steel rings, the 
steel rings being fastened to arms, the arms being fastened to the 
face plate. In this way, as can be seen by reference to the 
assembly drawing, adjustments of the bearing may be had in 
all directions. A flexible joint is obtained so that the bearing 
adjusts itself automatically. As in the cathodes used pre- 
viously, the shaft projects at the bottom where it is threaded, 
and screws into a brass connector. The bottom end of this 
connector is drilled to receive an aluminum pipe, and the 
aluminum pipe used is iVi* inches outside diameter. This 
is held, in the coimector by set screws. The cmrent is led 
away from the cathode at the connector by means of a carbon 
brush fastened with screws to a copper strip, which in turn is 
fastened to the base of the motor as shown. The pressure 
of this brush is adjusted by means of a spring. The motor 
operates at speeds up to 2200, so that the cathode with a 
2*/* : I gear may be run at practically any speed up to 5500 
r. p. m. The power required to turn the cathode has not 
been measured. It is, how'ever, less than *4 horse power, 
and will depend, of comse, upon the amount of metal on the 
cathode. In these experiments the cathode extends into the 


* The cost of this apparatus should not be greater than eighty to ninety 
dollars. 
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solution about 12.5 cm, giving a cathode surface of about 
one square decimeter. If 70 amperes per square decimeter 
be used, which is a low current density for the rotating cathode, 
in one hour and a half, approximately 125 grams of copper 
will be deposited upon the cathode, as used. This gives 
sufficient copper to show that the metal has been refined, and 
if' the impurities in the anodes be present in high enough 
concentrations, suflficient slimes will be obtained to show tests 
for the several impurities. 

In order to try out the method, it was decided to use 
anodes containing silver as the only impurity. The first 
anode studied was, therefore, made up to contain approxi- 
mately I percent of silver. This amount of silver was added 
so that within the time set for the experiment, suflScient 
metal could be obtained to make a silver bead, thus doing 
away with the danger of disappointing the student by his not 
being able to obtain appreciable amounts of the impurity. 
If the process works efficiently, approximately 1.2 grams of 
silver should be obtained as slimes, in one and one-half hour’s 
run. In the other anodes studied the metals were added in the 
proportion to make i percent. There is practically no loss in 
casting with any of the metals, save zinc. About 5 percent 
extra metal should be added in the latter case. Two anodes 
of each composition were cast, and it may be said that the 
anodes should be potmed under conditions such that smooth 
solid castings are obtained. If the metal is porous, the slimes 
are hard to remove. 

The first test was on copper containing i percent silver. 
The anodes were connected in multiple, one on each side of 
the cathode. The current used was 65 amperes and the run 
was short. The metal deposited was tested and, as was 
anticipated, was found to contain silver. On account of the 
rapid rotation and vigorous stirring the slimes of course do not 
stick to the anode, but are diffused mechanically throughout 
the solution and are therefore occluded in the deposit me- 
chanically. Diaphragms, consisting of heavy unbleached 
cotton cloth, were then prepared. These were made by fold- 
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ing the cloth and sewing it so as to form bags which fit closely 
to the anodes themselves. The solution used, as in the 
previous work, was 12 percent copper sulphate with 15 percent 
sulphuric acid. The cloth was found to stand up well for 
several days, if necessary, in this solution. The next run with 
the anodes enclosed in the cloth bags was made under the 
same conditions. The current was 65 amperes, and the run 
lasted a little more than an hour, 90 grams of copper being 
deposited. The voltage drop across the cell was 5 volts. 
The deposited copper in this case was pure and gave no tests 
for silver. The slimes were recovered by burning the dia- 
phragms and treating the ashes with nitric acid, filtering and 
depositing the silver as chloride and reducing, finally ob- 
taining the silver as a bead before the blowpipe, or by de- 
positing electrolytically from the nitrate solution. A good 
bead of silver was obtained, wholly sufficient for demonstra- 
tion purposes. 

It has been stated by Kiliani* that the silver present as 
impurity in copper anodes goes into solution if a neutral 
copper sulphate solution is used as electrolyte. The reason 
for this is not at all evident. It was thought that under 
the conditions of this experiment a large amount of silver 
could be obtained in the electrolyte in a short time, since 
larger currents per unit volume of solution were passed. A 
run was therefore made, using an anode containing silver in 
a copper sulphate solution without the addition of acid. A 
run was also made on a copper sulphate solution, to which 
ammonium hydroxide was added until it was neutral to litmus 
paper. After running for a considerable length of time in 
both cases, the solutions and the deposited copper were 
tested for silver. No silver could be obtained in either the 
solution or the deposited copper, so that there is some doubt 
as to the validity of the statement referred to above. 

The second anode studied consisted of approximately 
the following composition : 

* Kiliani, “Borchers, Electric Smelting and Refining,” Loc. cit. 
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copper 97 paeent 

silver i percent 

arsenic i percent 

bismuth 1 percent 

The current and volts^e were the same as in the preceding 
experiment, the electrolysis being run for about one hour and 
three-quarters. In all of these experiments the speed of 
rotation was between 5500 and 6000 r. p. m. 125 grams of 
copper was obtained in this case. The deposit was excellent 
in appearance, and showed only a trace of arsenic by the 
Marsh test. No silver and no bismuth could be detected in the 
metal. Slimes were examined, as was previously done, by 
burning the diaphragms and depositing the metals. Tests 
for bismuth and arsenic were given and the silver bead was 
obtained as before. 

The last anode studied contained representatives of all 
the impurities found in commercial anodes, although present 
in larger quantities. Since this anode was intended to contain 
all the metals for demonstration piirposes, a quantitative 
analysis of it was made. The analysis is difficult and not 
essential. 

Unless quantitative results are desired it is sufficient 
to add all of the metals in the proportions desired with the 
exception of zinc. Five percent of this metal should be added 
in excess. For those who wish to make the analyses the fol- 
lowing references may be of interest.' The anode was found 
to have the following composition : 


'Jour. Am. Chem. Soc., 16, 185 (1894); 17, 714 (1895); 19, 24 (1897): 
22, 292 (1900); 24, 699, 1082 (1902); 27, 313 (1905); 29, 607 (1907); Zeit. anal. 
Chem., 467 29 (1907). 
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Percent 
91 .00 

I .c >9 

1 . 16 
I 10 
1. 14 
I 15 

I . 20 
1. 17 
0.70 

Total, 99 71 

The runs on this anode were quite as successful as the 
previous ones, the conditions of the runs being the same: 
current, 65 amperes; voltage, 5 volts; time, about 1.75 hours; 
copper deposited, about 130 grams. The deposit w'as found 
to be quite up to the standard of average electrolytic copper. 
The impurities in this anode, silver, lead, bismuth, and arsenic, 
were found in the slimes. Qualitative separations were made 
of the metals found here and the usual silver bead obtained 
at the end of the run. Tests for iron, nickel, and zinc were 
obtained in the solution, although it takes more care to 
detect these metals in the solution without concentration, 
and the test is not so satisfactory as in the case of the slimes. 
No quantitative tests were made on the deposited copper, 
but qualitative tests indicate that it would require very 
accurate analyses to detect any variation from 100 percent 
copper. Quantitative tests were not made on the slimes to 
determine how efficient the recovery was. Some of the slimes, 
of course, stick to the anodes and are therefore hard to obtain, 
so that the quantitative tests would not have meant anything 
had they been run. 

In conclusion, it may be said, that electrolytic copper 
refining may be demonstrated in the course of an hour if a 
rotating cathode be used. The anodes may contain im- 
purities usually found in commercial anodes, the demon- 
stration being more striking if the impurities, are present in 
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amounts approximating i percent each. 'Hie anodes 
be contained in a diaphragm and the slimes may be removed 
partially 'with the diaphragm and the remainder by means 
of a stiff brush, and water from a wash bottle. The deposited 
copper may be stripped off and sampled if aluminum cathodes 
are used. 

Arsenic shows the largest tendency to contaminate the 
refined copper. It requires, however, the delicate Marsh 
test to detect this metal. 

The statement that silver dissolves in neural copper sul- 
phate solution is probably an error. 

Electrochemical Laboratory 
Cornell University 



EFFECT OF LIGHT ON DECOMPOSITION VOLTAGE 


BY ALAN LEIGHTON 

The following experiments were undertaken to determine 
the effect of light on the decomposition voltage of copper 
sulphate solutions. A mercury vapor lamp, enclosed in a 
tube, was placed in the copper sulphate solution between the 
electrodes. By means of a rubber cloth, it was possible to 
shield either electrode from the light or both electrodes if 
necessary. An ammeter was placed in series with the electro- 
lytic cell and a voltmeter was connected to the terminals of 
the cell. This arrangement* does not give the true decompo- 
sition voltage because the voltage drop through the solution 
is included. Since the electrodes were always kept in the 
same position, the error is practically constant throughout 
each series and is negligible, because we were interested in 
the change of voltage produced by turning on the light. From 
the experiments of others it seems justifiable to assume that 
light causes no marked change in the conductance of a copper 
sulphate solution except in so far as the heat from the lamp 
may change the temperature of the solution. 

' Owing to the relatively high resistance of the solution it 
was not found practicable to determine the decomposition volt- 
ages by plotting voltages against current. The error due to 
the personal equation is much too large. It was found better 
to keep the voltage constant for a while and then to determine 
by inspection whether copper had or had not been precipitated 
at the cathode. 

In Table I are given data for the copper sulphate solution 
in the dark. Graphite electrodes were used, which were 
coated with paraffin except over a small rectangular space. 

The apparent decomposition voltage is very close to 1.40 
volts because a slight deposit of copper is obtained in one 

^ The current flowing through the voltmeter also flows through the am- 


meter. 
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experiment and none in the othor. At 1.50 volts we are dis- 
tinctly above the value, at 1.30 volts distinctly bdow it. 

Tabi,x I 

100 grams CUSO4.5H2O per liter; graphite dectrodes. Surface 
of electrode = i sq. inch. Distance between electrodes **2.75 
indies. Time of run === 25 minutes 


Volts ; 

1.40 

1 1.50 

1.40 

1.30 

Amperes i 

0.010 

i 0.010 

0.010 

0.010 

Deposit 

No 

Yes 

Slight 

No 

Temperature 

23“ 

1 23® 

23® 

23“ 


A run was next made at 1.3 volts with both electrodes 
exposed to light. A slight deposit of copper was obtained. 
When the anode was screened from light, a slight deposit was 
also obtained. Much to our surprise, a distinctly heavier 
deposit was obtained when the cathode was shaded and the 
anode was exposed to light. 

Owing to the difficulty in determining the presence of slight 
deposits of copper on the graphite cathode, it was thought 
advisable to substitute a platinum cathode of the same effective 
area as the graphite one, the back and all but about one 
square inch of the face being coated with paraffin. The 
graphite anode was retained. 

In Table II are given data obtained under the new condi- 
tions. Under the heading “Light,” C means that the cathode 
was illuminated, A that the anode was illuminated, and A -f- C 
that both were illuminated. 

An examination of Table II shows that we may ignore the 
temperature fluctuations so far as these measurements are 
concerned. The only place where there is the slightest trace 
of a discrepancy is that, at 1.3 volts with the cathode illumi- 
nated, we get no deposit at 25® and a very sUght one at 20®. 
A precisely similar result was obtained in Table I when there 
was no change in temperatme. 

If we study the experiments without light we find that 
there was no deposit of copper at i.o volt and that copper 
was deposited at 1.2 volts, at 1.3 volts and at 2.0 volts. The 
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decomposition voltage, as thus measured, is therefore at least 
as low as 1.2 volts. Later experiments indicate that it is 
probably i.i volts. Either figure is distinctly lower than 
the value obtained with a graphite cathode. No experiments 
have been made to determine to what this difference is due. 

Table II 

icx) grams CuS04.5H80 per liter; graphite anode and platinum 
cathode. Surface of electrode = i sq. inch. Distance between 


electrodes =* 2 

. 75 inches. 

Time of run 

= 15 minutes 


Volts 

Amps. ^ 

Deposit j 

Light 

Temp. 

1 .0 

0.008 

i 

No j 

No 

28° 

1-3 

i 0.010 

Yes i 

No 

28 

r .0 

0.008 

Yes , 

A 

28 

1 .0 

j o.ooS 

No ! 

No 

20.5 

1 .0 

i o.<K)8 ) 

Yes ! 

A 

28 

1 .0 

> 0 . 008 

Yes i 

A 

25 

1 .0 

1 0 . 008 1 

No i 

No 

25 

1 .0 

1 0 . 008 ' 

No 

C 

27 

1.0 

* 0 . 008 j 

No 

A + C 

28 

2.0 

0 . 040 1 

Yes ! 

No 

19 

2 .0 

0.040 

Yes 

C 

22 

1*5 

. 0.015 , 

Yes 

C 

22.5 

1.3 

0.010 1 

No 

C 

28 

1-3 

0.010 

Yes 

No * 

25 

1-4 

0.012 

Yes 

C i 

26 

1 .0 

1 0.008 1 

Yes ! 

A 1 

27 

1.0 

0 . 008 

Yes 

^ 1 

27 

1 .2 

0 . 008 . 

Yes 

No ' 

27 

i ‘3 

! 0.010 

Slight 

C i 

20 


When the anode alone is illuminated, we get a deposit of 
copper at i.o volt and at all higher voltages. Therefore we 
conclude that exposing a graphite anode to the light of a 
mercury vaj>or lamp lowers the decomposition voltage of a 
copper sulphate solution. 

When the cathode is illuminated, there is no deposit at 
I.o volt and none, or only a very sUght one, at 1.3 volts. At 
1.4 volts we get a distinct deposit of copper. Exposure of a 
pl fl tiTiiiTn cathode to light therefore increases the decomposition 
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voltage of a copper stilphate solution. A> necessary c<ntse> 
qu^ce of these two experiments is that a higher voltage will 
be neces^ury to deposit coppa* when both electrodes are illumi- 
nated than when the anode alone is. Hiis has been confirmed 
expaimentahy, for no copper was obtained at i.o volt when 
both electrodes were exposed to light. 

The results given in Table II are entirely consistent; but 
some later experiments were quite discordant, as may be seen 
from Table III. 

Table III 

100 grams CUSO4.5H2O per liter; graphite anode and platinum 
cathode. Surface of electrode = i sq. inch. Distance between 


electrodes = 

2.75 inches. 

Time of run 

*15 minutes 

Volts 

I Amps. j 

"r 

Deposit j 

Light 

Temp. 

I.O 

0.008 i 

No ! 

No 

22® 

I.o 

0.008 1 

Slight ! 

A 

22 

I.o 

1 0.008 i 

Slight 1 

A 

22 

I.I 1 

0 . 008 ! 

No* 1 

C 

22 

0.8 

0.008 

No 1 

No 

23 

0.8 

0.008 i 

No i 

A 

23 

I.o 

0.008 j 

No 

A 

23 

I . I 

0.008 1 

Yes j 

A 

23 

1 .0 

0 . 008 ! 

Yes 1 

No 

25 

0.9 i 

0.008 1 

Yes 1 

No 

25 


The last two experiments in Table II are quite abnormal 
because copper was deposited in the dark at i.o volt and at 
0.9 volt. Three days later copper could be deposited at 
0.7 volt without the aid of light. It was thought that perhaps- 
copper had been deposited on the graphite electrode during 
the time which had elapsed since the last run and that this 
might be due to the action of sunlight because the apparatus 
had been moved from a relatively dark comer to a place near 
the window. This did not seem impos^ble because it is known 


* In this experiment no copper was deposited on the illtuninated face of 
the cathode but some copper was deposited on, the shaded back of the cathode 
on a spot where the paraffin had been knocked off accidentally. 
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that charcoal precipitates metallic silver from a silver nitrate 
solution in the dark. 

If copper, or some other depolarizer, is formed in the pores 
of the graphite anode, it ought to be possible to remove this 
unknown substance by anodic polarization of the graphite. 
In other words, a moderate current should “flush out” the 
graphite, after which no copper should be obtained at i.o 
volt. To test this hypothesis, the graphite was exposed to 
light for twenty minutes. The light was then turned off and 
a deposit of copper was obtained at 0.8 volt. Owing to press of 
other work, no further experiments were made on this day. Two 
days later copper could be obtained at 0.95 volt with no Ught. 
The anode was “flushed out” and then tested. At 0.9 volt 
no copper was obtained, but a slight deposit was obtained at 
I.o volt. The circuit was broken and the graphite anode 
exposed to light for twenty minutes. The light was cut off 
and the electrode tested at once. Copper was deposited at 
a voltage of 0.42 volt. The anode was flushed out and no 
copper was obtained at 0.9 volt. 

It is thus evident that some depolarizer is formed in or on 
the graphite slab and that this depolarizer can be removed by 
electrolysis. Experiments were now made to determine whether 
light was essential to this reaction. It was found that similar 
results could be obtained in the dark, provided the graphite 
was left long enough in the solution. Light is therefore not. 
necessary to this reaction although it accelerates it. 

In none of the experiments made as yet, has the decomposi- 
tion voltage gone below 0.4 volt, which would rather imply 
that metallic copper is not formed. It is more probable that 
a reduction takes place to a cuprous salt. This should be 
tested with charcoal rather than with graphite, so as to get 
the rnaximiim effect. It has not been possible to do this as 
yet. 

Since the graphite anode introduced these special varia- 
tions, a few experiments were made with platinum anode and 
cathode. 

The data are given in Table IV. 
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Table IV 

CoHjef sulphate solution; platinum electrodes. Surface of elec- 
trodes * I sq. inch. Distance between electrodes = 3.75 
inches. Time of run = 15 minutes 


Volts 

Deposit 

I.jght 1 

Volts 

Deposit 

Light 

J.42 

Yes 

No 

1.36 

Yes 

No 

1.40 

Yes 

No 

r.38 

No 

C 

1.38 

Yes I 

No 

1.38 

Slight 

C 

1.36 1 

Yes 1 

No 

1.38 

Slight i 

C 

1-34 

Yes 

No 

1.32 

No 

A 

1.32 

‘ No i 

No 

1.32 

No ! 

A 

1.36 

No ! 

C 

1-34 i 

Yes 

A 


From Table IV we see that copper is deposited in the dark 
at a minimum voltage of 1.34 volt. Illuminating the plati- 
num anode has no measurable effect, while illuminating the 
cathode increases the necessary minimum voltage to 1.38 volt. 
This result was tested qualitatively in different ways. On 
removing the paraffin from the back of the cathode and regu- 
lating the voltage suitably, it was possible to make copper 
precipitate on the shaded back of the cathode and not on the 
illuminated front, the difference in voltage more than com- 
pensating for the extra drop of potential through the solution.* 
In another set of experiments, the back of the platinum 
cathode was paraffined as before and one-half the front was 
shaded. Copper was deposited on the shaded portion and not 
on the half exposed to light. The screen was then moved 
so as to reverse the illumination, whereupon copper dissolved 
from the portion which had been shaded and was now exposed 
to light, while copper precipitated on the other half of the 
cathode which was now shaded. These experiments seem 
to eliminate any possibility of the effect being due to heating 
CM- anything of that sort. 

Since a copper sulphate solution abscn-bs a good deal of light, 
the light which is absorbed must make the soluticm less stable 
and should therefore decrease the decomposition voltage. 

^ An accidental case of this sort was given in Table III. 
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This was the result which these experiments were expected 
to show. As a matter of fact, the reverse is true, so some fac- 
tor has been overlooked in the deduction. The forgotten fac- 
ttn is evidently the electrode. It is only the solution in im- 
mediate contact with the electrode which counts, so far as the 
electromotive force is concerned. In these experiments, both 
the solution and the platinum electrode are exposed to light. 
The light causes the solution to become less stable and con- 
sequently decreases the decomposition voltage. The light also 
causes the precipitated copper to be less stable and conse- 
quently increases the decomposition voltage. What we meas- 
ure is the difference between these two. Since the light, which 
is effective in tending to decompose the solution, is most in- 
tense close to the lamp and least intense at the electrode, the 
conditions are ideally bad for getting a maximum effect with 
the solution. Since copper absorbs light more completely 
than the solution, the chances are in favor of the effect of 
light on copper being greater than the effect of light on the 
solution. It is probable that one could vary these relative 
effects by using suitable monochromatic light and it is also 
possible that the mercury lamp is not the best source of light 
for these particular experiments. It was used because it was 
the one available source of light which could be placed easily 
in the solution between the electrodes. 

One experiment was tried with a graphite anode and a 
platinum cathode, using an electric arc so placed that the light 
was nearly parallel to the surface of the electrodes, the idea 
being that the light would only graze the surface of the elec- 
trode and that consequently one would get the maximum 
effect due to the solution and the minimum effect due to the 
electrode. This experiment seemed to give a slight positive 
result, some copper being obtained at i .0 volt. It is a question 
whether this was a real effect of light or whether it was due 
to the graphite anode. The experiment would have to be re- 
peated a number of times with platinum electrodes before I 
should be willing to be positive as to the results. 

The fact that what one usually measures is the difference 
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of the effect of light on the solution and on the electrode, may 
perhaps account for the surprisingly small electromotive 
fOTces observed by others in special cases. 

The general results of this paper are: 

1 . The decomposition voltage of a copper sulphate solution 
between platinum electrodes is not affected appreciably when 
the anode is illuminated by a mercury lamp. 

2. The decomposition voltage of a copper sulphate solution 
between platinum electrodes is increased when the cathode 
is illuminated by a mercury vapor lamp. 

3. The light tends to make the solution and the deposited 
copper less stable. The latter effect is the greater under the 
conditions of the experiment. 

4. It is possible to regulate the voltage so as to make copper 
precipitate on the shaded portion of the platinum cathode 
and not on the illuminated portion. 

5. Graphite adsorbs something from a copper sulphate 
solution, presumably a cuprous salt, which acts as an ^.nodic 
depolarizer and can be removed by electrolytic oxidation. 
The reaction is accelerated by light. 

6. Owing to this adsorption the decomposition voltage for 
a copper sulphate solution with a graphite anode and a plati- 
num cathode can be brought down temporarily to about 0.4 
volt. 

This work was suggested by Professor Bancroft and has been 
carried on under his supervision. 

Cornell University 



ACTION OP CALCIUM CHLORIDE ON ROADS 


BY F. R. NEWMAN 

It is a fairly common practice nowadays to spread cal- 
cium chloride over the roads as a means of preventing dust 
and it is often claimed that the calcium chloride will not wash 
out of the surface of the road. These two statements are 
difficult to reconcile. Calcium chloride is an extremely deli- 
que.scent salt and, therefore, condenses moisture from the air 
when the concentration is well below the normal dew-point. 
The formation of a film of solution prevents the formation of 
dust. The dissolved calcium chloride should, however, wash 
out of the soil. We can account for the alleged fact that 
calcium cliloride does not wash out of the soil by assuming 
that the salt is adsorbed by the soil; but, the more strongly 
adsorbed the calcium chloride is, the less hygroscopic it will 
be and, therefore, the less effective in laying the dust. It 
seerae'd desirable to find out what the facts were. 

Experiments were made with a pure sand and with the 
top dressing of a macadamized road which had been treated 
with calcium chloride during the summer. The sand was 
bought from the Carborundum Co. and is the sand used in 
making carborundum. Previous analysis in the Cornell 
laboratory had shown that this sand contains about 99.6 
percent Si02. The sand was dried for an hour at 140° and 
was found to be fairly uniform in size, 20 percent passing a 
6o-mesh sieve, ninety percent passing a 40-mesh sieve, 
and 100 percent passing a 20-mesh one. 

The fusing mixture, potassium nitrate and sodium car- 
bonate, gave no test for chlorides, and the nitric acid (6N) 
was also free from chloride. To determine the chloride con- 
tent of the sand before and after treatment with calcium chlo- 
ride, approximately one gram of sand was mixed with eight 
grams of fusing mixture and the whole decomposed by heating 
with a blast lamp in a platinum crucible until quiet fusion 
was effected. The crucible was then cooled, a little water 
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was added and the melt was detached by gentle heating. The 
contents of the crucible were poured into a porcelain dish, 
and treated with water and with nitric acid. The gelatinous 
precipitate was filtered off and the filtrate tested gravimetrically 
with silver nitrate. No chloride was obtained from the pure 
sand. 

Thirty grams of calcium chloride and 40 cc water were 
added to 100 grams sand, the whole was stirred vigorously 
and allowed to stand for twenty-four hoiurs, a pasty mass 
being formed with no supernatant liquid. Approximately ten- 
gram portions of the mass were placed in small beakers, 25 
cc water added and the whole stirred vigorously. After 
settling, about 25 cc solution were decanted and the operation 
repeated until the wash water gave no test for chloride. The 
sixth wash water gave only a slight turbidity and the eighth 
was free from chloride. 

To the third wash water 10 cc nitric acid were added and 
the solution made up to 100 cc. Silver nitrate was added 
drop by drop, the solution being shaken constantly. After 
complete precipitation the silver chloride was filtered through 
a Gooch crucible and the excess of silver nitrate washed out 
with dilute nitric acid. The crucible and precipitate were 
dried in an air bath at 110° for two horns and were left to cool 
in a desiccator. The third wash water from one of the small 
beakers contained about 30 milligrams CaCU. Practically 
all of the calcium chloride is, therefore, removed in the first 
two washings and all of it is removed in seven washings. 

After the eighth washing the sand was tested for chloride 
by fusion, etc., as previously described. Duplicate experi- 
ments gave 5.5 milligrams CaCb per gram of sand or 0.55 
gram CaCb per 100 grams sand. 

These experiments show that calcium chloride is adsorbed 
but slightly by sand and that calcium chloride washes out of 
the sand very rapidly. 

In another experiment 30 grams sand and 9 grams CaCU 
were placed in a small beaker and allowed to stand in a desic- 
cator over water for nineteen days. At the end of that time 
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sufficient water had condensed in the beaker, and analyses 
were made as before. The third wash water contained about 
10 milligrams CaCh, referred to approximately ten-gram por- 
tions. The sixth washing showed a slight turbidity, but the 
ninth gave no test for chloride. The amount of CaCU retained 
by the sand after the ninth washing proved to be 145 milligrams 
per gram sand. This is much more than was obtained in the 
previous run. It is quite possible that this extra amount was 
adsorbed during the nineteen days in which the sand and cal- 
cium chloride were in contact; but the matter did not seem to 
warrant further experiments at this time. 

A quantity of top dressing was taken from a macadam road 
between Sibley College and Franklin Hall in Ithaca. This 
road had been treated with calcium chloride during the sum- 
mer. The earth was dried for .several hours at 140°, was pul- 
verized, and passed through a iot)-mesh sieve. The chlorine 
content was determined as in the previous experiments and 
was calculated as calcium chloride so as to be on the safe side. 
'I'he. amount of CaCls, as thus tabulated, was 20 milligrams 
per gram CaCl.«. A mixture was made up of too grams earth, 
30 grams CaCb, and 55 cc water. After standing twenty- 
four hours, the mixture was divided into approximately ten- 
gram lots and washed as before. The third wash water gave 
180 milligrams CaCl; and the sixth, 6 milhgrams CaCla. A 
slight cloudiness was obtained with the ninth and twelfth 
washings while the fourteenth gave no test. The chlorine 
content of the earth after the fourteenth w'ashing was about 
5 milligrams per gram earth. 

It is thus clear that the top dressing does not adsorb cal- 
cium chloride appreciably differently from pure sand. The 
relatively high amount of calcium chloride in the original 
top dressing shows that the washing by the rain was not very 
thorough during the summer of 1911. While the calcium 
chloride does not wash out of the top dressing as fast as it 
does out of sand, this difference is probably due entirely to 
the greater fineness of the top dressing. 

When stood over, water sand containing a little calcium 
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diUuide condenses more water than sand contaming none. 
The original top dressing takes up more water and takes it 
iq> fasto* than top dressing which has been treated with cal- 
cium chloride, washed thoroughly and dried. The reason 
fm: this is that the original top dressing contains more calcium 
chloride than the other. Some etperiments wo-e made with 
a' washed and air-dried top dressing using different strengths 
of sulphuric acid in the desiccator. With 75 percent HsS04 
the soil lost moisture; with 25 percent H2S04 the soil took up 
water from the add; with 50 percent H2SO4 some moisture was 
tflkeTi up from the acid but we were evidently not far from the 
equilibrium mixture. This is in harmony with the known 
vapor pressures of caldum chloride and of sulphuric add. 
It did not seem worth while to make more accurate measure- 
ments, though this could easily be done if anybody so wished. 

The general conclusions of this paper are : 

1. The usefulness of caldum chloride in laying dust de- 
pends upon the presence of free caldum chloride in the soil. 

2. Very little caldum chloride is adsorbed by the soil 
and consequently the salt can be washed out readily. 

3. The time during which caldum chloride remains effec- 
tive in lapng the dust depends on the amount of rain and on 
the readiness with which the wato" drains off. 

4. There is no basis for the claim, sometimes made, that 
two treatments with caldum chloride will keep a road in good 
shape all summer. On the other hand, calcium chloride does 
not wash out of a road as rapidly as one might at first expect. 

This investigation was suggested by Professor Bancroft 
and has been carried on under his supervision. 

Cornell University 

November, igii 
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The Fitness of the Environment. By Lawrence J. Henderson, 19 X 14 
cm; pp. t; 4 - New York: The Macmillan Co., JQ13. Price: $1.30 — For 
years we have been familiar with the idea that organisms gradually adapt them- 
selves to the environment. The author^s contention is that the actual environ- 
ment is the one best fitted to the development of life, in other words, that the 
world as we know it is the best of all possible worlds. It is easy to see that water, 
oxygen and carbon dioxide are essential for organisms as we know them, but it 
may be merely lack of imagination which prevents our seeing the possibilities 
under other circumstances. Since there are anaerobic bacteria there seems to 
be no reason why fishes might not have developed which would flourish in liquid 
ammonia in case the rivers and oceans contained ammonia instead of water. 
The burden of proof, however, is on the man who claims that one might have 
complex organic substances based on some other element than carbon. So far 
as our present knowledge of chemistry goes, carbon stands alone in the number 
and complexity of compounds that can be formed. There may be a similar 
chemistry of silicon or of nitrogen at the temt>erature of liquid ammonia but 
we have no proof of this as yet. 

In the preface the author si^eaks of the reciprocal character of Darwinian 
fitness, meaning that we have environmental fitness as well as fitness of the or- 
ganisms to the environment. This may be criticized as a matter of expression. 
Ijecause there has been no adaptation of the environment to the organisms. 
What the author means is that the environment is admirably fitted to the 
development of the organisms which have adapted themselves to it. 

The author has written a very readable book, and he has only rarely let 
his thesis run away with him badly. One might take exception to the implica- 
tion, p. 241, that magnesium salts in chlorophyll act like magnesium in Grig- 
nard's reaction. The quotations from pp. 55, 67, 184 and 138 will give an idea 
of the style of the book. 

**Even at the earliest period in the evolution of a typical star there api,)ears 
to be a progressive variation in chemical composition from center to periphery. 
Theoretically it seems inevitable that the heaviest elements should be concen- 
trated in the interior and that those of lowest atomic weight should be present 
in greatest amount near the surface. Actually, as above stated, spectroscopic 
investigation fully confirms this view. Thus the spectra of typical hot stars 
show that hydrogen is an invariable constituent of their superficial parts In- 
deed the universal presence of hydrogen under such circumstances is undoubt- 
edly one of the most clearly established facts of stellar astronomy. As stars 
cool and become red the siiectral changes quite as unmistakably point to the 
presence of carbon. Accordingly we possess the best of evidence and the best 
of reasons for the belief that large quantities of hydrogen and carbon must exist 
at or near the surface when a crust forms upon a cooling star.” 

"The very constant temperature of the ocean is a most important factor 
in the economy of nature. It constitutes, for example, a vital regulation of the 
environment of a large proportion of all the living organisms of the world, and 
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it has many other important ‘functions.* This constancy of temperature is in 
large part due to the magnitude of the specific heat of water. Other things 
being equal, the greater the specific heat of water, the more constant must be 
the temperature of the ocean. If, then, the specific heat of water, as is actually 
the case, be nearly or quite a maximum among all specific heats, it follows that 
the fitness of water in this respect is nearly maximal. 

'‘Again, the ocean contains an astonishing variety of substances in solution, 
•and they are present often in large quantities. In this manner a very great sup- 
ply of food in very great variety is offered marine organisms. Of course such 
richness of the environment is an exceedingly favorable circumstance for the 
organism, and it is due principally to the ability of water to dissolve a multi- 
tude of things in large quantities. It is not to be supposed that the substances 
present in sea water are all of use to every organism. This need not be the case 
at all; but a variety of supplies which may be adapted to special requirements 
as they arise, here iodine, there copper, for instance, is a very genuine advantage. 
Further, the vast utility of the solvent action of water in blofxl, lymph, and all 
the body fluids is too patent to call for comment. If, now, it can l>e shown that 
the efficiency of water is nearly or quite a maximum, as it really is, among all 
known solvents, then it must be evident that in another respect the fitness of 
water is nearly or quite maximal. 

“Again, the amount of energy tliat is required to tear apart molecules of 
water, and to liberate hydrogen and oxygen, is very great indeed, and when hy- 
drogen and oxygen recombine to form water, this energy must reappear — 
under ordinary circumstances as heal. This fact, too, is very favorable for the 
organism, because almost all compounds which contain hydrogen yield a great 
deal of energy when they are burned; they are, in short, great reservoirs of energy 
which can be tapix‘d in the process of metabolism. If, therefore, the heat of 
combustion of hydrogen be nearly or quite a maximum, as it is, among all sub- 
stances, it is clear that water is agtun, in another respect, most wonderfully fitted 
for life. 

“Finally, if it be true, and such is the case, that very few of the substances 
which share the fitness of water in one of tliese characteristics also share or ap- 
proach its fitness m either of the others, and that none pOvSsess all of these quali- 
fications in a degree that merits consideration, it must, I conceive, be admitted 
that so far as the investigation has proceeded water is the only possible sub- 
stance.*’ 

“Perhaps the first desideratum in an environment as a source of fotxl is 
mobility. Any organism which, like the lilies of the field, need not toil for its 
nourishment, is m iiiosl favorable conditions, and such conditions are the prin- 
cipal cause of the enormous wealth of vegetation upon the earth. Now the 
ocean, apart from the flora and fauna which inhabit it, is perfectly homogeneous; 
hence its mobility brings to an organism all that it has to offer, and even sweeps 
along organic nourishment as well. In the ocean not only plants but many 
animals may, remain motionless and, like the oyster, await the food that will 
surely be borne to them; or they may float freely, relying on the mixing of the 
water to bring them into contact with their food. 

“After mobility, richness and variety of environment are important. It 
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is certainly impossible to imagine a medium more rich and varied in elementary 
constituents than sea water, unless it be sea water with still other substances 
added to it. But, in the first place, there are few absent elements which might 
be added, and, in the second place, the addition of other substances would be 
likely to cause the escape of bodies which are present. At all events, the ocean 
is certainly more favorable in these three respects than if it were anything else 
that could occur in the course of nature. Almost ideally mobile, rich and varied, 
the sea is an almost perfect source of supply for a complex mechanism. To be 
sure there are great difficulties in extracting its constituents from sea water, and 
the efficiency of physiological processes is a factor essential to their utilization, 
but at least there stand materials ready for the mechanism which can employ 
them ” 

‘"Accordingly, if water be the first primary constituent of the environment, 
carbonic acid is inevitably the second— -because of its solubility possessing an 
ef|ual mobility with water, because of the reservoir of the atmosphere never to 
be depleted by chemical action in the oceans, lakes, and streams. In truth, so 
close is the assrx'iation between these two substances that it is scarcely correct 
logically to separate them at all, together they make up the real environment 
and they never part company. Carbonic acid thus possesses the first great 
qualification t)f a food; its occurrence is uuiversjil and its mobility a maximum. 
This is due to the fact that its absorption coefficient is on the average approxi- 
mately one, the most favorable value. 

‘"Needless to say the absorption coefficient of carbonic acid is also of great 
importance in many physiological processes, chiefly perhaps in excretion. In 
the course of a day a man of average size produc*es, as a result of his active metab- 
olism, nearly two pounds of carbon dioxide. All this must be rapidly removed 
from the body. It is difficult to imagine by what elaborate chemical and physi- 
cal devices the body could rid itself of such enormous quantities of material were 
it not for the fact, that, in the blood, the acid can circulate partly free, and, in 
the lungs, Viy a jiroce.ss which under ordinary circumstaiit'es has all the appear- 
ances of a simple physical phenomenon, can escape into air which is charged 
with but little of the gas Were carbon dioxide not gaseous, its excretion would 
be the greatest of physiological tasks; were it not freely soluble, a host of the 
most universal existing physiological processes would he impossible.” 

Wilder D. Bancroft 

Dictionary of Applied Chemistry. Vol HI. By St r Edward Thorpe 24 X 
itV cm; vii -j- ySg. New York: Longmans, Green 6"* Co., 1913. Price: $13 30 
net.— The third volume begins wdth granite and ends with oils. Among the 
interesting subjects treated in this volume are: granite, grai>hite, gums and gum 
resins; gutta percha; helium; honey; hydrazines; hydrogen peroxide; hydrolysis, 
indamines and indophenols; indigo; ink; iodine, iridium; iron; ivory; ketones, 
lactic acid; lactones; lakes, lead; leather; linseed oil, liquefaction of gases; liqueurs 
and cordials; lithium; litmus; logwood; lubricants; madder; magnesium; marble; 
margarine; matches; mercerizing; mercury; metallography; methyl compounds; 
milk; molybdenum; napthalene; nickel; nitrogen; oils. 

The volume is well up to the standard set by the preceding one.s, the article 
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on metallography, for instance, being remarkably good. The reviewer sees no 
reason for not putting * ‘marking inks'‘ under “inks/' and he, personally^ is sorry 
not to find * ‘jellies” as a heading. The followtng paragraphs, pp. 63, 184, 185 
and 402, are distinctly suggestive and are quoted for that reason. 

“The spectrum of hydrogen consists essentially of four bright lines — one 
ki rile red, corresponding with Fraunhofer’s dark line C, and one in the greenish 
blue> coincident with the dark line F. Their wave lengths are (Angstrfim) 
C * 6562, F w 4861, blue « 4340, indigo — 4101 in ten-millionths of a milli- 
meter. 

” Hydrogen is an inflammable gas, burning in air or oxygen with an extremely 
hot, almost colorless flame, and producing water. Even with pure hydrogen, 
however, the centre of the flame is colored green, while the external portions 
are of violet-blue color. On reducing the pfessure, the blue color is trans- 
formed to green, and from that successively to yellow, orange and red. Under 
increased pressure, hydrogen bums with a luminous flame.” 

* 'The substance of ivory is permeated by an immense number of fine canals, 
about ^ /1600 inch in diameter, and strongly curved, to which are due its fineness 
of grain and probably much of its elasticity. That obtained from the tusks 
of Proboscida exhibits, on a transverse section, a characteristic pattern of curved 
decussating lines. The cross-section shows a central spot, the residue of the 
pulp-centre, surrounded by concentric circular 'contour lines,’ due to a num- 
ber of minute irregular ‘ interglobular spaces,’ These spaces and the canals 
are probably filled with protoplasmic matter in the living tooth. The exterior 
of the tooth is covered with ccmentum usually of a brown color 

“The tusks [of the elephant] are implanted to the extent of about one-half 
their length in curved bony sockets which run nearly vertically upwards to the 
level of the eyes. The part within the socket has a conical centre of pulp by the 
conversion of which into dentine growth takes place, fresh pulp being formed 
continually at the base of the tooth. The pulp is not easily injured and some- 
times foreign bodies, such as bullets and si)ear-heads have been found embedded 
in solid ivory, their presence in the pulp having failed to inhibit its conversion 
into dentine.” 

” These minerals [nephite and jadeite (jade) ] have, in common, a white to 
green (rarely a pale violet) color, with a certain degree of translucency and a 
greasy appearance on highly polished surfaces. They are remarkable for their 
extreme toughness (as distinct from hardness), it being very diflicult to frac- 
ture pebbles by blows from a hammer. This toughness is a result of the peculiar 
texture of the material: thin sections examined under the microscope show a 
dose, felted aggregate of short, minute fibres.” 

*'A large number of patents have been taken out for ‘homogenizing’ or 
‘atomizing’ in s|)ecial machines the mixture of milk and oils and fats [margarine]. 
The merit daimed for these machines is that the product is more solid and has 
no 'oily’ but 'rather a nut-like’ taste. The important demerit of all these 
apparatus is, however, that the margarine retains more water, and hence the pro- 
portion of fat falls below 80 percent. Therefore in those countries where the 
maximum percentage of 16 percent of water is prescribed by law, the sale of 
such margarine would meet with difliculties. In order to obviate this draw- 
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back, and at the same time to dispense with the kneading machines, in which 
the excess of milk is removed, Schroeder carries out the blending and emulsi- 
fying process in three churning machines arranged one above the other and work- 
ing in conjunction with an 'atomizer.* The temperature in the three churns 
through which the mixture of fats and milk passed is regulated carefully so 
that the completely emulsified contents of the lowest churn can be discharged 
on to a cooled table, where the mass solidified to a thin layer, which is scraped 
off by a tangentially acting ‘doctor' so that the thin solidified film is curled up 
and discharged into a wagon. The ingredients forming the margarine are mixed 
in the proportion of 8o parts of fats and oils, i6 pai ts of milk, and 4 parts of 
cream, consisting approximately of one-third of butter fat.”- 

Wilder D. Bancroft 

An Introduction to the Physics and Chemistry of Colloids. By Emil Hat- 
sch^k, IQ X 13 cm; pp 87. Philadelphia: P. Blakiston*s Son & Co., IQT3. 
Price: $1.00. — “The present work is a slightly enlarged reprint of a series of 
articles jmblished by The Chemical World, which in their turn were based on a 
course of ten lectures delivered at the Sir John Cass Technical Institute to stu- 
dents of very varied attainments and interested in every branch of chemistry 
and of chemical industry. The book accordingly docs not aim at a completeness 
precluded alike by its compass and the extremely vigorous growth of the sub- 
ject, but is only intended to introduce readers with a reasonable knowledge of 
physics and chemistry to the fundamental facts and methods of a l)ranch of 
physical chemistry, on the importance of which it is hardly necessary to insist.” 

A rather nice point is to be found on page 6. “We should probably be quite 
ignorant of the existence of one important element, iodine, and should certainly 
not be able to use it freely, if it were not for the selective adsorption exerted b>' 
a number of seaweeds, as iodine cannot be shown to be present in sea-water by 
any of the usual tests.” 

Part of the discussion of viscosity, pp. 21-23, worth quoting. “As re- 
gards colloidal solutions, they divide themselves into two classes, if the increase 
of viscosity, compared wdth that of the solvent, or continuous phase is taken as 
the basis of classification. One class, the metal and sulphide sols in particular, 
shows a viscosity only very slightly higher than that of water. The other, 
which comprises principally the organic colloids, such as albumin, gelatine, 
gum arabic, agar, etc., shows a very marked increase of viscosity, even if the 
percentage of dissolved matter is small. To explain this difference some of the 
earlier investigators in this field, more especially Quincke, resorted to reasoning 
by analogy, based on the known behavior of systems containing the disperse 
phase in a much coarser form than do the sols. It is a fact familiar to everybody 
who has stirred up finely divided solid matter, such as precipitate of calcium 
carbonate or barium sulphate, with water, that even 20 or 30 percent do not 
offer a very great resistance to stirring, i. e., do not cause a great increase of 
viscosity. On the other hand, it is equally well known that systems of two 
liquids insoluble in each other, generally called emulsions, can under certain 
circumvStances show enormous increase in viscosity compared with either phase. 
Various pharmaceutical preparations coming under this head are familiar to 
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€Veryotie; extreme cases are represented by some emulsions used as lubricants, 
and by Pickering’s emulsions with 99 percent of oil in i percent of soap solu- 
tion, which could be cut into cubes. 

"Applying these considerations to sols, we are led to the conclusion— now 
generally accepted — ^tbat in those which show a low viscosity the disperse phase 
is present as solid particles, while in the sols with high viscosity the disperse 
phase is liquid. An albumin sol, for instance, would consist of a dilute solution 
of albumin, in which are dispersed drops or globules consisting of a much more 
ccmcentrated solution. This conception is certainly not an easy one, and will 
receive further discussion when we arrive at the detailed consideration of the 
class of colloids to which it applies, but it is the only one which explains all their 
peculiarities. Nor does it rest only on the analogies set forth, but is strongly 
supported by mathematical investigations, undertaken independently and by 
entirely different methods, by A. Einstein and by the author during recent 
years. These show, tliat the presence of solid particles in a liquid can only raise 
the viscosity by small amounts simply proportional to the volume of solid matter 
present; when a few per cent, of — apparently — solid matter like agar raise the 
viscosity some hundred times, it follows that the disperse phase cannot be solid. 

"Systems consisting of solid particles of microscopic size distributed through 
a liquid are generally called suspensions, while those having two liquid phases 
are called emulsions ” 

In the case of Pickering’s emulsions tlie more viscous phase is the external 
one. An easier — as well as a more satisfactory — ^way out of the difficulty would 
be to assume that agar forms the dispersing phase and not the disperse phase 

The experiments of Dreaper and Davis on night blue, p. 81, are also dis- 
tinctly interesting 

"We have so far considered only phenomena in which the change in sur- 
face energy has been held to be the determining factor, and have disregarded 
the fact, with which we are already familiar, that boundary surfaces are gener- 
ally the seats of electric charges. It is more than probable that these may affect 
adsorption, and there are some striking phenomena in which the electric factors 
appear to play the most important or indeed an exclusive part. If, for instance, 
a ferric hydroxide solution is passed through a column of sand — carefully puri- 
fied — the hydroxide is completely retained, and only clear water leaves the end 
of the column for a time. The same thing occurs with a solution of night blue, 
as has been shown by Dreaper and Davis. In botli cases the sand is capable 
of retaining only a quite definite quantity: when this has been reached, the 
liquid passes tlirough unaltered. Both ferric hydroxide and night blue belong 
to the not very numerous class of positive colloids, while silica, like most sub- 
stances, assumes a negative charge in contact with water. It is, therefore, 
reasonable to assume that the positive colloidal particles are discharged and re- 
tained by the negatively charged sand grains Night blue is retained with such 
tenacity even by a smooth glass surface that vessels which have contained the 
solution cannot be washed clean with water alone. The phenomenon does not 
occur in an alcoholic solution of the dye, and, if the latter has been adsorbed on 
sand from an aqueous solution it can be removed by subsequent washing with 
alcohcd." 
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While one cannot agree throughout with the author’s point of view, he has 
lived up to his preface and the book is well worth reading. The directions for 
making various sols, pp. 8-9, are welcome. Wilder D. Bancroft 

Der kolloide 2ustand der Materie. By Leonardo Cassuto. Translated by 
Johann Matulla. 23 X iS cm; pp. ii -f 247. Dresden: Theodor Steinkopff, 
1913. Price 7,30 marks, paper; 8.30 marks, hound. — The author takes the 
ground that we have no satisfactory theory of colloids and that therefore it is 
better to present the facts in an orderly fashion without much reference to theory 
and then to discuss the inadequacies of the existing theories in the last chapter 
or two. This is a frank and honest way of meeting the existing difficulties. 
Whether it is a satisfactory one is a matter of opinion. There are people — the 
reviewer among them —who think that there is no special object in writing a book 
unless one has something new» to offer, and who believe that a .satisfactory theory 
of colloids is more important than a recapitulation of the facts. However 
that may be, there is no question but that the author has done well the task 
that he set himself 

The subject is treated under the headings introduction; optical propertie.s 
of disperse systems; the ultra-microscope; estimation of degree of dispersity; 
Brownian movements; osmotic pressure; coagulation; .swelling and jelling; 
adsorption; the factors of stability of colloid systems, methods of preparation 
of colloid systems; theories of the colloid state; general review of the theories 
of colloids; systematics of colloids 

The preface is interesting enough to warrant quoting though not in full 

“If a man, whose only knowledge of colloids is what he gets from general 
physics, tries to obtain a more detailed familiarity with the .subject, he finds 
himself lost among an enormous number of facts which he cannot correlate read- 
ily It is often justifiable to assume that some of the ob.servations are true only 
for one particular substance and perhaps for one set of conditions Even when 
a definite law or a clear conception can be formulated, it often happens that the 
investigator is thrown into despair by the occurrence of numerous exceptions 
for which it is apparently impossible to find a satisfactory explanation. 

“There is no help to be expected from the different theories, for they serve 
only to increase and not to diminish our perplexity. On the one hand we have 
the determined upholders of the physical theories and on the other hand the 
equally obstinate defenders of the chemical theories, each side presenting num- 
berless experimental facts as well as logically flawle.ss deductions in support of 
its views. In spite of this there are such surprising differences between the.se 
theories, and such contradictions that there seems to be no possible way of recon- 
ciling them. We find these discouraging differences of opinion and uncertain- 
ties even in regard to the fundamental definitions. We ask ourselves what a 
colloid is and the answer is that it is better not to attempt a definition. It is 
also difficult to decide whether one is to adopt the view that a colloidal system 
is a one-phase system or whether one is to consider it a polyphase system. What 
do we mean by a phased This last point has given rise to violent discu.ssion 
and people are far from being agreed in regard to it. 

“Such a confusion is not to be wondered at. The enormous amount of 
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material is due to the rapidly growing interest in colloid chemistry during the 
last twenty years, to the increasing perfection in our methods of measurement, 
and to the wealth of material for study. As for the theories, the prevailing 
uncertainty is justified by the fact that we are dealing with the difficult prob- 
lem of the constitution of matter To have formulated this problem was 
the chief triumph of the leaders of the past century and its solution will be one 
of the greatest accomplishmehts of the human mind.” Wilder D, Bancroft 

Modem Research in Organic Chemistry, By F. G. Pope, ig X 13 cm; 
PP> V + 324. New York: D. Van Nostrand Co., /p/j. Price: $2.25 net , — The 
object of the book is given by the following words from the preface. “Or- 
ganic Chemistry, in the stricter sense of the term, still offers a vast number of 
problems for solution; with the rapid progress made, the problems of one decade 
become the commonplaces of the next, and it is worth while to take an occa- 
sional general survey, considering the lilies in which immediate progress is prob- 
able.” The general survey thus referred to is presented under the headings: 
the polymethylenes; the terpenes and camphor; the uric acid or purine group; 
the alkaloids; the relation between the color and constitution of chemical com- 
pounds; salt formation, pseudo-acids and bases; the pyrones; ketens; ozonides, 
triphenylmethyl; the Grignard reaction 

The chapter on color and constitution is one of those that interests the 
physical chemist and the final paragraph, p. 220, seems worth quoting. "De- 
spite the activity shown in the experimental investigation of this subject, it is 
obvious that as yet no real relationship between color and constitution has been 
determined, but it does appear probable that the final theory of selective ab- 
sorption will be one which takes full cognizance of color (using the term in its 
broadest sense) as an essentially dynamic property, the molecule being regarded 
not as a rigid structure, but as one whovse components are held together by 
restraining influences, and which are capable of rapid oscillations. Although 
in particular groups much valuable generalization has been made, there is 
still very much unsolved, and it seems that progress will be made by a 
systematic study of selective absorption coupled with chemical evidence of 
constitution. In this way it may become possible to recognize in a general 
manner the groupings associated with the production of the vibrations giving 
rise to certain types of absorption, and hence to predict color." 

In the preface J T. Hewitt gives brief abstracts of chapters of the book 
and then says 

"While all this strictly organic work was in progress, other investigations 
followed a different line, endeavoring to trace relationships between the physical 
properties of substances and their chemical constitution. In the early days 
of this type of work, inorganic substances received possibly rather more than 
their fair share of attention; it might perhaps be contended that latterly the 
pendulum had swung too far in the other direction. Certainly organic com- 
pounds offer one immense advantage • there is usually no doubt either as to the 
molecular weights or the arrangement of linkages in the substances under in- 
vestigation, Prosecution of researches of this character has led to striking ad- 
vances; our ideas as to the arrangement of atoms in space and the rearrangement 
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of structure which often occurs on salt formation, have undergone considerable 
change. Workers in this branch of science are occasionally unduly optimistic, 
but the success which has attended some of the attempts to refer properties 
to constitution, notably in the case of molecular volume and molecular refrac- 
tion, can only act as a greater incentive to work. Organic chemists have achieved 
much, and as the habit of simply recording the melting-points and analytical 
data of new compounds dies out, it will be more clearly recognized what an 
enormous field of work lies in front of us.” Wilder D. Bancroft 

Elektrochemisches Praktikum. By Erich Muller 23 X 17 cm; pp. 
V 4 “ 221. Dresden: Theodor Steinkopff, ipij. Price 8 marks , — ^Since 1901 a 
laboratory course in electrochemistry has been given at the Dresden Polytechnic, 
first under Professor Foerster and later under Professor Muller. It has been 
the intention to arrange a course which every student should take, and not merely 
those who are specializing in electrochemistry. The student begins with ex- 
periments illustrating Ohm’s law and polarization phenomena. In connection 
with Ohm's law the reviewer suggests a few experiments on the theory of meas- 
uring instruments — on measuring current with a voltmeter or potential differ- 
ences with an ammeter. After the exj^eriraents on the relation between current 
and voltage come the experiments on coulometers, conductivity, and electro- 
motive forces. It is of course sufficiently accurate in many cases to use the 
Ostwald capillary electrometer, p. 27, when measuring electromotive forces; 
but it would be well to point out to the student that this instrument is not sensitive 
enough for really accurate work. 

A number of experiments on electrolytic analysis follow. The book is quite 
clear as to the theory of electrolytic separation by tlie constant current method. 
On the other hand, the rapid methods of electrolytic analysis are represented 
only by the crudest one of all, the one in which the electrolyte is stirred and the 
cathode is stationary The preparation of inorganic compounds includes an 
excellent scries of experiments on the electrolysis of chloride solutions, and also 
experiments on perchlorate, persulphate, plumbic chloride, cobaltic sulphate, 
potassium bichromate and on the reduction of vanadic salts. The reviewer 
believes that it would be well to have an experiment based on Oettel’s work and 
showing the effect of relative size of electrodes on the electrolysis of mixed ferric 
and ferrous salt solutions. It is a very common error for people to use any elec- 
trodes which come handy and to trust to the hypothetical intelligence of the 
electric current to pull them through. 

ITiidcr organic preparations we find the preparation of iodoform from alco- 
hol, of broraoforni from acetone, and of isopropyl alcohol from acetone, together 
with six experiments on the reduction products of nitrobenzene. High temper- 
ature experiments include the electrolysis of fused lead chloride, and the prepara- 
tion of magnesium, aluminum, calcium carbide, ferro-chronie and ferro-silicoii. 
The book is an admirable one and to be recommended to everybody. 

Wilder D. Bancroft 


Electroplating. By W. R. Barclay and C. II. Haiti sworth. ig X 13 cm; 
PP* Hi “h 400. New York: Longmans, Green & Co., 1913. Price $2 10 . — 
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This extremely interesting book has been written for the practical electroplater 
from the standpoint of the scientist. It is the best plating hand-book that the 
reviewer has ever seen. There is not the usual jumble of impractical formulae, 
the formulae given are those only which are used in practice. While the addi- 
tions to some of the solutions may be a little hard to explain, from the theoretic 
cal standpoint, it is certain that results have been obtained in practice, and they 
are given on the strength of these results. This book can therefore be highly 
recommended to the practical plater and should receive wide circulation. 

After a discussion of the fundamental principles of electrochemistry, etc , 
an excellent chapter ivS given on preparatory processes. The important sub- 
ject of electro-cleaning and sand-blasting are given space here. 

The treatment of colloidal addition agents is not as full as it might be. 
The author is inclined to assume that there is something weird about their action. 

Chapters on the deposition of the various metals are then included. A 
chapter on the deposition of brass, with the mention of other alloys which are 
not used in practice, and finally, chapters on finishing and coloring are given. 

Formulae for plating by immersion are conspicuous by their absence, ex- 
cept in the case of gold, for instance, where they are used commercially. 

In most cases the current densities as well as the voltages are given. Where 
there is any doubt about a magnitude, — as it should be — no hard and fast state- 
ment is made. Many points are left open, therefore, for the practice and in- 
genuity of the jilater. The book is, therefore, well worth close study 

C. W. Bennett 

Eine Anleitung zur Ausftihrung physiko-chemischer Messungen bei h 5 - 
hcren Temperaturen. By F M Jaeger 25 X j6 cm: pp iu -f J52. 
Groningen: J. B Walters, 1913, Price, $1,30, — The author worked for some 
time in the Geophysical Laboratory in Washington and learned the methods in 
vogue there. He has transferred these methods to the high temperature lab- 
oratory at Groningen and has now written a book concerning them which 
should be very useful to any one interested in this line of work and unable to 
get the information at first hand. The chapters are entitled: measurement of 
temperature; arrangement of furnaces and heating apparatus; exact determina- 
tion of equilibrium temperatures; microscopic investigation and characteriza- 
tion of solid phases; optical and thermal data in regard to solid phases; measure- 
ment of other properties at extremely high temperatures. 

^ Wilder D. Bancroft 

Einfiihrung in die Spektrochemie* By G. Urbain. slated by Ulfilasr 
Meyer. 23 X 16 cm; vii 4 * 213. Leipsig: Theodor Steinkoiff, 1913. Price, 
JO marks. — The French edition of this valuable book has already been reviewed 
(17, 656). It is only necessary to call attention to the prompt appearance of a 
German translation. Wilder D, Bancroft 



SOME NEW RELATIONS BETWEEN THE PHYSICAL 
PROPERTIES OF LIQUIDS 

BY DANIEI^ TYRER 

It is a remarkable fact that when an empirical relation- 
ship between certain of the physical properties of a liquid is 
found to be true for a given liquid over a certain range of 
temperature, it is always found to be true for all other hquids 
over a similar temperature range. For instance, the well- 
known Ramsay-Eotvos equation for the surface tension of 
a liquid is true not only for one liquid or for a certain class 
of liquids but for all liquids.^ And if we discover a new re- 
lationship and find it applicable to one liquid we may be sure 
that it is also applicable to others. 

These remarks do not, however, apply to all physical 
properties but only to that class which are not what is called 
'‘constitutive,’’ that is, do not depend upon the inner nature 
or structure of the molecule. A constitutive property, for 
example, is viscosity and, as is well known, this does not lend 
itself to the construction of relationships with other physical 
properties. We may find a relationship between viscosity 
and other properties which is true for one liquid but which 
does not hold or only roughly holds for other liquids which 
are chemically dissimilar. Specific heat is another case of 
a constitutive property. No general relationship which ex- 
presses the variation of the specific heats of liquids with tem- 
perature has yet been discovered, for such a relationship is not 
possible. 

On the other hand, other physical properties such as den- 
sity, surface tension, latent heat, etc., are not constitutive 
or only slightly so and a relationship between such physical 
properties is always found applicable to all liquids. 

' Associated liquids are included in this statement as well, for presumably 
if we knew the correct molecular weights and the correct values of the other 
terms in the equation, they would give an equally good agreement as do non- 
associated liquids. 



718 


Daniel Tyrer 


But probably evoy physical property is to some extent, 
however slightly, of a constitutive character and if we take 
two liquids of extremely dissimilar character (i. e., chemically 
dissimilar) we find that many relationships are only approxi- 
mately applicable to both or else fail altogether to agree with 
the experimental data. For instance, the constant in the 
Ramsay-Eotvos surface-tension equation is usually equal 
to about 2.12 but it has been foimd by Walden,* to take a 
single case, that for tristearin the constant is about 6.2. This 
is not due to any possible association, for in this case the con- 
stant is decreased. 

In looking for new relationships between the physical 
properties of liquids it is advisable, therefore, to study proper- 
ties which are not constitutive or only slightly so, as for ex- 
ample latent heat and surface tension. The former property 
in particular lends itself to the discovery of empirical relations 
with other properties and it is this property which has formed 
the basis of the present study. Already there exist three ac- 
curate empirical- latent heat relations ; 

Mills’* Equation Im = — (ij. ') 

An Equation* Im = C((i* — 

Dicterici’s Equation* Im = CjT log 

where I is internal latent heat, i. e., latent heat minus the ex- 
ternal work done in vaporization, m is molecular weight, 
d,. and d,. the densities of liquid and saturated vapor respect- 
ively and n, C and Ci are constants, the first two being de- 
pendent on the nature of the liquid though independent of the 

^ Walden* Zeit. phys. Chem., 75, 555 (1910). 

‘ The relations mentioned were not all discovered empirically but their 
physical meaning is not sufficiently certain to justify any other description. 

3 Jour Phys Chem., 6, 209 (1902); 8, 383 (1904); 8, 593 (1904); 9, 402 
(1905); 10, 1 (1906) 

^ This equation appears to have been first discovered by Batschinski 
(Drude’s Ann., 14, 288 (1904)), and was later discovered independently and tested 
by Kleeman (Phil. Mag., 20, 678 (1910)). 

® Drude's Ann., 25, 569 (1908). 
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temperature, and Ci is approximately the same for all normal 
liquids. 

These three relationships, together with various surface- 
tension relations, can be combined with any new latent heat 
relation that may be discovered and, as will be seen later, 
they supply a means of producing a number of interesting new 
relationships. 

I'o avoid the repeated explaining of the terms used con- 
tinually throughout this paper they are all collected and given 
below with their meanings : 

L = ordinary latent heat of vaporization. 

/ = internal latent heat, i. e., T minus external work of 
vaporization. 

T = temperature (absolute). 

- critical temperature (absolute). 

Ts = boiling point (absolute). 

= density of liquid. 

dr = density of saturated vapor. 

= critical density. 

ds = density at the boiling point. 

7 = surface tension. 

m = molecular weight. 

C is a constant independent of temperature but dependent 
on the nature of the liquid. 

K is a constant the same for all liquids at all temperatures. 

In regard to the experimental data used in the calcula- 
tions the internal latent heats are taken from tables calculated 
bylj. E. Mills^ by aid of the Clapeyron-Clausius formula, 
using the experimental data of vS. Young. 

The surface-tension data are those of Ramsay and vShields. - 

The densities of liquids and saturated vapors are accord- 
ing to Young.** 


^ Jour. Phys. Chem., 8, 383 (1904); 10, i (1906); Jour. Am. Chem. Soc., 
3i> 1099 (1909); I 3 > 512 (i 9 C) 9 )- 

2 Phil. Trans., 184A, 647 (1893); Zeit. phys. Chem., 12, 433 (1893). 

^ Proc. Roy. Dub. Soc., 12, 374 (1910). 
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The following latent heat relation has been discovered 
empirically: 

C,(T,-T)V» 


Im = 


di, + tf* 


(I) 


Cl is a constant dependent on nature of the liquid. To 
prove the validity of the equation the latent heats of four 
dissimilar liquids have been calculated by aid of the equation 
and the results are compared in the following tables with the 
thermodynamic values of Mills (see above). Under I are the 
thermodynamic values and under h the values calculated ac- 
cording to equation (i) : 

Ether 

Te = 466.8®; m = 74.08 



di. 

dfT) 

1 

h 

0 

0 . 7362 

0.00083 

85.41 

84.94 

20 

0.7135 

0.00187 

80.04 

80.47 

40 

0,6894 

0.00373 

75-02 

7541 

60 

0 6658 

0.00677 

70.40 

70 37 

80 

0 . 6402 

O.OII55 

65.40 

65 • 13 

100 

0.6105 

0.0187 

60.40 

59 67 

120 

0.5764 

0 . 0293 

54-53 

53-77 

140 

0.5385 

0.0449 

48.13 

47.21 

160 

0.4947 

0.0691 

39.81 

39-35 • 

170 

0.4658 

0.0873 

34.18 

34-49 

190 

0.3663 

0. 1620 

16.59 

18. 10 



Benzene 




Tc = 561.5°: = 78.05 




dv 

1 

h 

0 

0.9001 

0,000121 

99.16 

102 . 1 

80 

0.8145 

0.00272 

86.70 

86.63 

100 

0.7927 

0.00469 

82.37 

82.30 

120 

0.7692 

0.00763 

77.39 

77.85 

160 

0.7185 

0 0173 

69.48 

68.60 

180 

0.6906 

0.0249 

65.21 

63-65 

200 

0,6610 

00355 

59-75 

58.25 

220 

0.6256 

0.0503 

53-76 

52.42 

240 ] 

. 0.5852 

0.0715 

46.53 

45.72 

260 

0 5327 

0. 1040 

37-55 

37 40 

280 ‘ 

0.4514 

0.2209 

23 -45 

22.29 
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n-HEPTANE 

Tc = 539 - 9 : rn = 100.13 



1 di. 

dv 

1 

; h 

1 

0 

1 

1 0.7005 

0.04672 

84.44 

82.68 

80 

0.6311 

0 . 0020 

72.59 

72.82 

100 

0.6124 

0.00358 

68.81 

1 68.82 

120 

0.5926 

0.00607 

64.58 

64.66 

140 

0.5711 

1 0.00977 

60.01 

i 60 35 

i6o 

0.5481 

0.01508 

55 61 

: 55 - 82 

180 

! 0.5232 

0.02242 

51.62 

i 5101 

200 

0.4952 

0.03304 

46 63 

i 45-76 

220 

0.4616 

0 . 04892 

40.57 

' 39 67 

240 

0.4177 ; 

0.07446 

32 . 60 

; 32.14 

250 

0.3877 1 

0 . 0946 1 

27.17 

27.14 

260 

0.3457 

0 1289 

19.02 

19-75 


Tin Tetrachloride 



T, = 

591.7; VI — 260. S 



ill. 

dr 

/ 

h 

TOO 

j 2 0186 

0 00576 

29 01 

28 98 

120 

i I ■ 9639 

0 . 00994 

27.70 i 

27.62 

140 

j 1.9073 

0 . 0 1 6 1 6 

26.21 

26 19 

160 

i I 8481 

0.02506 ; 

24 75 

24 73 

180 

J 7873 

0.03759 

23 -33 

23 20 

200 

I 7224 

0.05450 

21.59 

21 62 

220 

I 6488 

0 07728 

19.98 

19.97 

240 

I . 5667 

0. 1083 

18.15 

18. 16 

260 

I 4747 

0. 1520 

16.02 i 

16. 14 

280 

I. 3028 

0.2 160 

13-45 ! 

13.73 


There is a good agreement between the observed latent 
heats and the calculated. The greatest divergence is at the 
initial temperature 0° but this is probably due to the somewhat 
uncertain value of the observed latent heat at this tempera- 
ture. Otherwise the disagreement is on the average less than 
one percent and this is probably no greater than the experimen- 
tal error in the data. 

The value of the constant Ci in equation (i) differs for 
different liquids but we may generalize it in the following way. 
This, it may be added, is a general method of generalizing a 
constant. 
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At the boiling point of a liquid the equation may be 
written 


(L — E)m 


C.(T. — 

d'/’ — 


E being external work of vaporization and, therefore, L — E = 
1. Now at this point according to the law of corresponding 
states we have a T., and a dv,, so that we may write 


(L — E)w 


CiK.T‘/“ 


K being a constant the same for all liquids. 

Now according to Trouton’s well-known equation we have 
hm - K„T, 

and 

Em = PV = RT, 

Therefore, 

(L — E)m = T,(K„ — R) 

Therefore, 

T,(K„ - R) = - 

or 

C, = KiTY'dY’ 

K] being constant for all liquids. 

Equation (i) may, therefore, be written 

(.«) 

The values of Ki have been determined for a number of liquids 
and are given in the following table : 


Liquid 

Ki 

Liquid 

Ki 

Ether 

26.86 

Isopentane 

25-87 

Benzene 

25.70 

w-Pentane 

26.29 

«-Heptanc 1 

28.60 

w-Hexane 

27.30 

Diisopropyl 

26.46 

Bromobenzene 

26.56 

Diisobutyl 1 

27.90 

Chlorobenzene 

27.07 

Carbon tetrachloride ' 

25*74 

lodobenzene 

26.53 


Mean value of = 26.74 
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For the boiling-point constants Tj and ds we may, of 
course, substitute their proportional values Tr and dc but 
the agreement between the values of K] for different liquids 
is not then so good. The constancy of K2 depends, of course, 
upon the validity of the law of corresponding states and upon 
Trouton’s equation. 

A further new relationship may be obtained by combining 
equation (i) with Mills’ equation (see page 718) so that the 
latent heat is eliminated. This relation may be written 

(T, — T)’'* = — (2) 

If we generalize the constant C2 by taking the equation at the 
boiling point and applying the law of corresponding states 
as before, we find 

C. = K2 

K2 being an independent constant. 

The equation may then be written 

(T, - T)'" = K2 {dl' -dti') (2a) 

a. 

The validity of this equation depends, of course, upon the 
validity of the equations from which it has been deduced. 
Since these appear to hold true within limits of experimental 
error it follows theoretically that equation (2) should hold 
equally good. But it is not always practically true that a 
relation deduced in this way from other relationships agrees 
with facts. For an empirical relationship never holds ab- 
solutely true and when two such relationships are equated 
together thus producing a third relationship, certain of the 
variables may be thrown into such conspicuity in the resultant 
equation that it may only agree roughly with the facts. It 
is, therefore, always necessary to test the relationships though 
they may be founded on others which give a very good agree- 
ment with experimental data. 
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The ap|»‘oximate validity of equation (20) is shown in 
the four foUowing cases : 


Cabbon Tetrachloride Chlorobenzene 

Tc = 556-1 T^ = 349-7: Te = 632.i®: T, = 405.0; 



ds 

= 1.483 



d,= 

0.9842 



dh 

dv 

K: 

i 1 

dL 

dv 

K, 

0 

1.6327 

0.0003 

0.876 

1 

0 * 

1.1278 

O.O4169 

0.877 

100 

1-4343 

0.01026 

0-855 

130 ‘ 

0.9836 

0.00341 

0.847 

120 

1.3902 

0.01634 

0.854 

140 

0.9723 

0.00432 

0.845 

140 i 

1-3450 

0.02481 

0.851 j 

! 160 

0.9480 1 

0.00676 

0.840 

160 

I .2982 

0.0365 

I 0.851 j 

: 180 

0.9224 i 

1 0.01020 j 

0.837 

180 

I .2470 

0.0525 


200 

0.8955 1 

0.01500 j 

0.835 

200 

I. 1888 

1 0.0742 

0.852 i 

220 

0.8672 ; 

0.02145 I 

0.832 

240 

1.0444 

! 0. 1464 

' 0.862 1 

1 j 

260 

0.8016 

0.0417 

0833 

260 

0 . 9409 

i 0.2146 i 

0.874 ! 

300 

0.7220 

0.0778 j 

0.837 

280 

0.7634 

0.3597 

0.822 ; 

333 

0.6274 ' 

0,1360 

0.847 



Benzene 



Diisobutyl 


T, --- 561.5 

T, = 353.2: 

T. 

549.8® 

T, = 382 

2 , 


ds 

= 0.8135 



<.> 

1! 

>.6184 



dx. 

dv 

- 

Ks 


i dj. 

dv 

K2 

0 

0.9001 

0.000121 

0.876 

0 

* 0.7102 

O.O447 

0.818 

90 

0 8145 . 

0.00272 

0.857 

! 90 

, 0.6328 

0,00217 

0.794 

100 

0.7927 , 

0 . 00469 

0.853 

100 

1 0.6236 

0 00297 i 

0.792 

120 

0.7692 J 

0.007634 

0.851 

120 

0 . 6046 

0.00523 j 

0.788 

140 

0.7440 

0.01174 

0,849 

■ 140 

1 0.5841 

0.00853 1 

0.784 

160 

0.7185 

0 01734 ; 

0.847 

i ito 

0.5629 

0.0132 1 

0.781 

180 1 

0 . 6906 

0.02487 ' 

0.845 

! 180 

0.5383 

1 0.0196 ! 

0.780 

200 

0.6610 ; 

0.0355 1 

0,844 

} 200 

; O.5II7 

0.0287 . 

0.779 

220 

0.6256 

0.0503 1 

0.848 

•! 220 

j 0.4810 

! 0 . 0420 ! 

0.780 

240 

0.5852 

0 0715 ! 

0.853 

1, 240 

; 0.4434 

0.0622 1 

0.788 

260 

0..5327 1 

0 1 040 

0.864 

; 260 

1 0.3912 

0 . 0970 ; 

0.791 





270 

0.3482 

0, 1321 

0.804 


It will be noticed that the value of K2 in each of the above 
cases does not remain quite constant but decreases slightly 
with rise of temperature, reaches a minimiun and then increases 
again as the critical point is approached. Excepting the initial 
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values at o this variation, however, does not amount to more 
than about two percent. 

If in the Ramsay- Eotvos surface-tension equation 

-nr.-T-c) 

we omit the small quantity a and then equate the resulting 
equation with equation (i), we obtain the following interesting 
relation between latent heat and surface tension: 

CJHd't + d'l>) (3) 

Walden' has shown that the simpler equation 
7J = K<,(T„ — T — 

holds as well as the Ramsay-Eotvos equation, and if we com- 
bine this equation with equation (i) we obtain 

yf + ( 4 ) 

The validity of these two equations is tested in the following 
tables. As the values of /, c/l and dv have already been given 
in previous tables they are here omitted : 

Ether Benzene 


t 

y 

C3 X 10^ 

C4 X 10* 

t 

y 

Cj X 10^ 

C4 X 10* 

20 

16.49 

369 5 

349-7 

; 80 

20.28 

306.7 

313.8 

40 

1405 

336 -3 

350.6 

100 

18.02 

306.9 

314-9 

60 

11.80 

333-2 

348.6 

120 

15-71 

308.3 

317.4 

80 

9.67 

334-5 

350.8 

I 140 

13-45 

305.2 

315-3 

100 

763 

327-4 ■ 

345-8 

i 160 

11.29 

301.8 

313. 1 

120 

5-65 

323-7 

344-1 

I 180 

9-15 

294.8 

j 308 . 6 

140 

3-77 

316.7 

340.0 

1 200 

7.17 

295-0 

j 308 . 6 

160 

2.08 

312.2 

337-6 

j 220 

5.25 

293 -O 

308.7 





1 240 

3-41 

291.2 

309-0 



i 


i 260 

J -75 

288.3 

1 309.2 


^ Zeit. phys. Chem., 65, 129 (1908). 
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Carbon TeTRACHWRiDE 


t 

/ 

> 

Cj X 10* 

C4 X lO* 

80 

41.64 

18.71 

442-3 

423.6 

lOO 

39 64 

16 . 4^ 

437-2 

420.1 

120 

37-48 

14-32 

439-5 

423*7 

.140 

35-27 

12.22 

438.0 

423-8 

160 

33-28 

10.22 

432.5 

420.2 

180 

30-83 

8.26 

430.6 

419.9 

200 

28 22 

6.34 

426.9 

418.3 

220 

25-35 

4-47 

419-7 

414.4 

240 

21.91 

2.74 

410.5 

408.5 

260 

T7-I5 

1.20 

397-6 

400.4 

270 

13,62 

0.59 

397-1 

403.5 


Chlorobenzene 


t 

/ 

7 

Cj X 10^ 

P 

X 

B 

150 

65-45 

17.67 

346 2 

347.2 

160 

64.14 

16.62 

343-5 

345 8 

180 

61 67 ; 

14 66 

339.5 

342 - 6 

200 

58.50 ; 

12.72 

337-9 

341.9 

220 

55 55 i 

10.81 

333 6 

338 9 

240 

52 25 

8.94 

330 0 

336.6 

260 

48.17 1 

7-14 

329.2 

337 4 

270 

45.80 : 

6 26 

329 5 

^ 339-0 


It will be noticed that the value of C3 steadily decreases 
as the temperature rises. The change is so great that we can- 
not even consider equation (3) as holding approximately. 
Neglecting the small quantity a in the Ramsay-Eotvos 
formula accounts partially for the non- validity of the equation. 
The inclusion of a causes the equation to be invalid near the 
critical point, since I does not become zero until the critical 
temperature is reached. 

On the other hand, the other equation deduced from Wal- 
den’s relation appears to hold with a fair degree of accuracy. 
The greatest deviations of the constant C4 are in the neighbor- 
hood of the critical temperature and here greater deviations 
are only to be expected on account of the smaller degree of 
accuracy of the experimental data, particularly of the surface 
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tension y, which becomes relatively very small as the critical 
temperature is approached. 

If we equate equation (2) with the Ramsay-Edtvos equa- 
tion (neglecting a) we obtain a new surface-tension equation, 
viz., 

7'" = — d:f) (5) 

And if instead of the Ramsay-Ebtvos equation we use Wal- 
den’s* equation we obtain 

= — ( 6 ) 

These two equations give the smtace tension in terms only 

Ether Benzene 



C. 

c« 


c, 

c,. 

20 

4(^2 

3 594 

80 

3 347 

3 424 

40 

3 46,^ 

3 ^10 

100 

3 335 

3 422 

60 


3 590 

120 

3 317 

3 414 

80 

3 

3 573 

140 

3 302 

3 41 i 

100 

3 -390 ' 

3 56^ 

160 

3-285 

3 408 

120 

3 373 

3 • 5 ^^> 

1 80 

3 320 

3 408 

140 

3-333 : 

3 570 

200 

3 250 : 

3 405 

160 

3 • 267 

3 532 ^ 

220 

3 242 

3 415 

170 

3 225 

3 5 U> 

240 

3 . 2 1 0 

3 4^4 

180 

3-130 

3 445 

260 

00 

C 

3 4»o 


Carbon Tetrachloride; 


Chlorobenzene 

40 

' c» 

Cc 

/° 

C5 

Cl, 

20 

1 .958 

I Ss.s 

150 

2 788 

2 800 

80 

I 927 

I . 846 

160 

2 767 

2 783 

100 

I 918 

» 845 

180 

2.767 

2 792 

120 

1.909 

I . 840 

200 

2 . 75 (^> 

2 . 79 <.) 

140 

I 904 

1.842 

220 

2.742 

2 7S7 

t6o 

1 .896 

1 842 

240 

2 ■ 733 

2 788 

180 

1 . 890 

I 845 

260 

2.723 

2 791 

200 

1.885 

I .849 

280 

2.716 

2 798 

2 20 

1 .869 

1 845 

300 

2.693 

2 793 

240 

1.844 

1-835 

320 

2.691 

2 814 

260 

1-774 

I . 786 1 

333 

2.693 

2 837 

270 

1 • 756 

1-785 ■' 





^ Loc. cit. 
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of the densities of Kquid and sattirated vapor. Their validity 
is tested in the preceding tables. The experimental data having 
already been given in previous tables are here omitted. 

As in the previous case, it will be observed that the value 
of the constant Cs gradually decreases as temperature risesi 
But the decrease is only small, being on the average about 
five percent for a wide range of temperature, from the ordinary 
temperature to the critical point. We may consider relation 
(5) approximately true. With the other constant, Ce, we 
find a remarkable constancy, the only variations of any ap- 
preciable magnitude being near, the critical point, and these 
can easily be due to experimental inaccuracies in the data. 
We may consider equation ( 6 ) as holding true to within limits 
of experimental errors of the data. 

We may generalize the constants Cs and Ce in the follow- 
ing manner : 

At the boiling point, since densities of liquid and vapor 
are proportional, we may write the equations 

7"’ = 

Now Kistiakowski^ has shown that the following relation is 
true at the boiling point : 

ahn = KTj 


where is the capillary rise in a tube i mm. radius. 
Since 

aH 


we have 




= 7 




Substituting this value of 7'* in the above equations we find 


and 


rr 

r _ 

* m'<Q} 

1 Zeit. Elektrochemie, 12, 513 (1906). 
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Ks and Kg are constants which should be the same for all liquids. 
The mean values of Kg and Kg for the four liquids given on 
p. 727 are: 


f 

1 

Ka 

Kc 

Ether i 

1 . 70 

1*75 

Benzene 

1.76 

1.798 

Carbon tetrachloride 


1.817 

Chlorobenzene i 

1.77 

1.815 

Mean 

1.74 

I 795 


The following relationship was discovered empiricall}' : 


7 

/W,. — d.X'' 


c,. 


.(7) 


C7 being a constant dependent on the nature of the liquid, 
and the other terms have their usual meaning. 

We may generalize C7 by taking the equation at its boiling 
point and then combining with Trouton’s equation and Kistia- 
kowski’s' equation. We thus find 


C7 


K; 


We may, therefore, write equation (7) 
yd'"' 

/■(;/,,— </„r•. 


K7 


(710 


The validity of this equation is proved by the constancy of 
the values of K7. The experimental data having already been 
given before is omitted here. 

The constancy of Ky is quite good. Near the critical 
temperature small deviations are only to be expected as the 
errors in the data become much greater. The mean \alue 
of Ky for the different liquids is 0.2970. The deviations of 
Ky for different liquids from a constant value can only be con- 
sidered as due for the most part to small constitutive influences. 
Ether is perhaps very slightly associated. The equation may 


^ Loc. cit. 
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Ether Benzene 



K, 

1 

Kr 

20 

0.2790 

80 

0.2908 

40 

0.2807 

100 

0.2928 j 

60 

0.2795 

120 

0.2973 f 

80 

0.2795 

T40 

0.2978 1 

100 

0.2803 1 

160 

0.2968 

120 

0.2837 i 

180 

0.2968 j 

140 

0.2818 1 

200 

0.3070 . 

160 

0 2797 1 

220 

0.3058 1 

180 

0.2831 1 

240 1 

0.3067 1 



260 i 

0.3160 



270 

0.3080 > 


. Carbon 

Chlorobenzene Tetrachloride 



K, 


! 

150 

0.2964 

80 

j 0.3112 

160 

0.2962 j 

100 

1 0.3136 

180 

0.2962 

120 

1 0.3170 

200 

0.2972 

140 

1 0.3200 

220 

0.2959 

160 

! 0.3197 

240 

0.2965 1 

180 

! 0.3231 

260 

0.3005 i 

i 200 

0.3264 

280 

0.3007 i 

220 

0.3248 



240 

, 0.3228 



250 

i 0.3171 



260 

‘ 0.3180 


be considered as holding true within limits of error in the data. 
It is interesting to observe that the equation does not include 
the molecular weight and, therefore, for an associated liquid 
which does not dissociate on boiling it should be also valid. 


By equating equation (7) with known surface-tension 
relationships so as to eliminate 7 we can obtain new latent 
heat relationships. 

Kleeman’ has discovered the following surface-tension 
relation ; 

y = C{d,-d,y 


where C is a constant dependent on the nature of the liquid. 
Generalizing C as before by equating with Kistiakowski’s 
relation at the boiling point we find 

C = — i 
md^ 


Now if Kleeman’s equation, with this value of C inserted, 
be equated with equation (70) and y eliminated, we obtain 
the following simple latent heat relation 


/m = KsT, 



’ Phil. Mag., 21, 83 (1911). 


.( 8 ) 
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In the following table are given values of Ks in five cases. 
The experimental data are all contained in previous tables: 


CnroRO- Tin Tetra- 



Ether 

Benzene 

BENZENE 

n Heptane 

CHLORIDE 


K, 1 

1 

i 

i 

Kb ii 

1 

i 

! 

K, 

■ 


Kb 

r 

Ks 

0 

19.20 1 

0 

]• 

1917 ;; 

140 1 

18.31 

0 

19.31 1 

100 

19.22 

20 

18.78 ' 

80 

19.22 ;■ 

160 ! 

18.91 

So , 

19.13 ' 

120 

19 10 

40 

18.47 

100 ! 

19.00 I 

180 ; 

18.95 

roo ! 

18.94 

140 

18 gi 

60 

18.25 , 

120 

18.67 

200 1 

18 84 

1 20 

18 94 

160 

18 86 

80 

18.18 

140 

73 : 

220 ; 

18.87 

140 i 

18.42 

180 

18 65 

IOC) 

18.13 ' 

160 

18.73 

240 i 

18 95 i 

160 ' 

18 28 ' 

200 

18 38 

120 

18.17 

180 

18.83 ' 

260 ! 

18.87 i 

180 

18 39 ; 

220 

18-43 

140 

18.40 

200 

18 68 

280 i 

19.14 i 

200 

18.53 ! 

240 

18 49 

160 

18 58 ^ 

1 220 

18.86 

1 


220 i 

18.75 

260 

18.58 

180 

19.18 

! 240 

18.98 

’ 


240 1 

19 27 : 

280 

18.86 



' 260 

19 50 








The relation appears to hold quite well. In several of 
the cases the constant Ks seems to decrease to a minimum 
value and then to increase to the critical temperature. But 
this change is only small and it is questionable to what extent 
it is due to inaccuracy in the data. The mean value of the 
constant for different liquids is 18.74. 

By equating equation (7) with the Ramsay-Ebtvos 
smface-tensioii equation so as to eliminate 7 we obtain the 
following latent heat relation : 

(T - T - 

If also instead of the Ramsay- Eotvos equation we u.se Wal- 
den’s modification (see p. 725) we obtain 

(T,-T^aK^ 

On testing these two equations it is found that neither 
of them holds very well. They both give gradually changing 
constants as temperature rises. Though the change is only 
small the equations cannot be considered valid. If, however, 



732 


Daniel Tyrer 


we neglect the small quantity a in the second of these equations 
we obtain an equation which holds very well for temperatures 
not higher than 6o° below the critical point. The equation 
may be written 


qy-TK ^ 


(9) 


The' validity of this equation over the limited temperature 
range is shown in the following tables : 



Ether 

Benzene 


Isopentane 





c ! 


c% 

! 

dx 

dv i 

1 


C, 

0 

3-792 : 

0 

3 -171 

■■ 

0 

0.6392 

1 

0.601 r ; 

81-35 

4 

.886 

20 

' 3-832 i 

100 

3 426 

20 

0 6196 

0.0034 , 

75. ^>7 

4 

970 

40 

3 -862 ; 

1 20 

3.461 

! 40 

0.5988 

0.0045 

71 . 10 

4 

983 

60 

. 3-850 ; 

140 

3-453 ' 

60 1 

0.5769 

0.0078 

66.20 

5 

008 

80 

i 3-841 I 

160 

3-425 ' 

; 80 

0-5540 

[ 0.0128 

61.59 

4 

987 

100 

3 838 

180 

3 400 

xoo 

0 5278 

0.0202 1 

56 72 

4 

986 

120 

3-896 ! 

200 

3-421 

120 

0.4991 

0 

b 

50 89 

5 

035 


; 

220 

3.480 ] 

140 ! 

0.4646 

0.0473 

44.04 

5 

140 


Bromobenzene 


3 <^ 

I -4815 

0.00005 

63 -.58 

2 997 

100 

1 . 3864 

0.0009 

57-86 

2.982 

160 

1 . 2994 

0 0052 ! 

50.11 

3.091 

180 

1 . 2697 

0 . 008 1 1 

48.52 

3-059 

200 

J - 2385 

1 0.0120 I 

46 . 80 

3.027 

220 i 

1 2037 

0.0175 

44-95 

3 - 007 

240 

I 1689 

0 . 0248 

42.47 

3.017 

260 

1.1310 

(^-0343 ' 

40.26 

3.007 


The general value of C9 is approximately given by 
c - xc ^ 

C9 — JV9 --rr 

dp* 

The mean value of K9 found for a number of substances is 


0.0300. 

By replacing in equation (7) the values of I given by other 



Relations between Properties of Liquids 


733 


equations we may obtain new surface-tension relations. By 
equating with equation (i) we obtain the relation 


II 

n 

0 

1 

^yi, (d.-dS'‘ 

K + d,)’» 

. . . (10) 

Equating with Mills’^ relation we find 


7 = Cu{d'f‘ 

1 

1 

... (ii) 

From Kleeman’s^ relation we 

obtain 


7 = C, 2 (dL 

-<fjid,~dS'‘ 

.. ..(12) 

and finally from Dieterici's' relation we obtain 


7 = Ci 3 (dL- 

- 4 )‘''Tlog.^i- 

dv 

(13) 


These four equations contain so many differently varying 
terms that a good agreement with experimental results can 
scarcely be expected. On testing them it was found that 
equation (12) deviates too much to be even considered as ap- 
proximately correct. The other three may be considered 
as approximate relations as the following two cases serve 
to show: 

Ether Benzene 



ClO 

C 

11 

C.3XlO<j 

i 


Cio 

Cx. 

1 Cl 3 X 10^ 

20 

7 

42 

52 

9 

i 539 

80 

6.63 

43 

0 

399 

40 

7 

44 

52 

7 

1 541 

100 

6.48 

44 

8 

40Q 

60 

7 

35 

52 

5 

' 541 

120 

6-54 

45 

I 

; 412 

80 

7 

48 

52 

4 

! 542 

140 

6.61 

45 

5 


100 

7 

56 

53 

0 

1 547 ; 

160 

i 6.66 

1 1 

45 

7 

‘ 415 

120 

7 

67 

53 

9 

i 555 

180 

6.67 

45 

7 

! 414 

140 

7 

67 

54 

0 

! 556 

200 

1 6.74 

46 

I 

: 417 

160 

7 

54 

53 

4 

549 

220 

1 6.86 1 

47 

I 

425 

180 

7 

41 : 

52 

6 

542 

240 

6.91 

47 

8 

i 430 







260 

I 7-02 

' 49 

2 

i 443 


The following simple relationship was discovered empiri- 
cally: 

Im = ( 14 ) 

' See page 718. 
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Equating this equation with Trouton’s relation at the boil- 
ing point we find Cu = KuT/'*. We may, therefore, write 

the equation 

Im = K,4v/f,(T, — f) (14a) 

This equation gives the internal latent heat in terms only 
of the temperature. Though both sides of the equation ap- 
proach zero as the critical point is approached it is found 
on testing the relation that about 70° below the critical point 
it begins to show deviations. But over the range of tempera- 
ture between the ordinary temperature and about 70° or 80° 
below the critical point the relationship holds exceedingly 
well, as the following tables will prove: 


lsoPENT.‘\NE Tin Tetrachuoride Benzene 



1 

K 

u 


Ku 

: ^0 

Km 

0 


19 

94 

100 

21 .03 

0 

' 19.23 

20 


19 

62 i 

120 

21 07 

80 1 39.77 

40 

' 

19 64 

140 ; 

21 .03 

100 I 19.75 

60 

1 

19 

^>7 

1 : 

21.07 

120 19 63 

80 


J 9 

92 

180 

21 .25 

; 140 19 85 

100 


20 

34 

200 , 

21 23 

160 20 19 

120 

i 

20 

75 

220 ; 

21.57 

180 

20 . 80 

140 

' 

21 

40 

' 






Hexamethylene 

Fluobenzene 




1 

K |4 


i 

Km 


80 


78.63 

19,89 

80 

72.96 

20.62 


100 

1 

74 71 

: 19-91 

100 

69.71 

20.74 


120 


70 27 

1 19 87 ■ 

120 

65-52 

20.62 


140 

' 

ej»5 08 

; 19-85 

140 

61.19 

20.54 


160 

; 

61,20 

: 19-98 

160 

56.86 

20.54 


180 


.56.79 

j 20.31 

180 

52.80 

20.78 


200 

j 

51-42 

! 20 . 56 : 

200 

48 . 23 

21.07 


It will be noticed that at the highest temperatures given 
the value of is beginning to increase. This increase of 
the constant continues right to the critical point. Above 
these temperatures the equation is not valid. It may be 
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noticed also that there is quite a good agreement between the 
values of the constant for different liquids. The mean value 
of Kn is 20 . i6. 

It is, of course, possible to deduce a number of new latent 
heat and surface-tension relationships by combining the above 
equation with the others preceding it, but they must all, 
of course, be applicable only over a limited range of tempera- 
ture and none of them appear to be of sufRciently simple 
character to justify their study. 

The series of empirical relations put forward in this paper 
may prove of value in calculating latent heats, surface-tension 
and critical temperatures. None of the equations have been 
applied to associated liquids, partly because it is certain that 
they are not applicable to this class of liquids but chielly be- 
cause the author intends to study them specially from this 
standpoint. 

Summary 

The following empirical relationships have been discovered : 
In these equations I is internal latent heat, density of the 
liquid, dr density of saturated vapor, T is absolute tempera- 
ture, T is critical temperature, T, is boiling-point tempera- 
ture, d^ is the density of the liquid at y is the surface ten- 
sion, m is the molecular weight, Cj, C 2 , etc., are constants 

independent of the temperature but dependent on the nature 
of the liquid, and KiKj, . . etc., are constants independent 
both of temperature and nature of the liquid. 

(1) . .Im = C.(T. -- 

c, = KiTr^: ■ 

(2) ... (T, — T)‘"’ = — d!/’) 

(3) .. . . V'V/ = c,dYv\: + d'/^) 

( 4 ) - oJrid:,:’ - ct'‘) 

C5 = 

(5) 7 ^* = 

Ce = K6T'/\.'w'''y’ ’ 

(6) yd7‘/lid,-dS'’ = K 7 
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(7) lm = KsT,(d,-dJd,y/‘ 

( 8 ) (T, - r)djl(d, - dS'' = C, = Km/dt/' 

(9) 7 = Cio(T< - T)‘/'(d. - + d,y'> 

(10) 7 = Cnidti'-d'm^-dS'' 

(11) 7 = Ci,K-^i.rTlog.d,/d, 

(•12) /w = Ku\/t,(Tc — T) 


Of the above equations i, 5 and 6 may be considered as 
agreang with facts within the limits of experimental error. 
Equation 8 holds equally well but only over a temperature 
range not greater than about 60° below the critical tempera- 
ture. Equation 12 also holds within limits of error in the ex- 
perimental data but only for temperatures below about 80° 
from the critical point. The other equations agree approxi- 
mately with experimental data. 

The Chemistry Dept, 

The University 
Manchester 
August, IQ13 



EXPERIMENTS IN DYEING 


BY A. W. DAVISON 

This work was undertaken in order to collect data which 
could be used in devising laboratory and lecture experiments 
on the theory of dyeing. Though the results are not new in 
principle, they seem interesting enough to warrant publica- 
tion. The first experiments were on the behavior of basic 
and acid dyes in alkaline, neutral and acid solutions. A 
basic dye is one in which the color is in the basic radical: 
magenta, safranine, aurarnine, malachite green, methylene 
blue, crystal violet, and Bismarck brown, for instance. An 
acid dye is one in which the color is in the acid radical : crystal 
ponceau, croceine orange, naphthol yellow, cyanine blue, and 
acid violet, for instance. A basic dye should be taken up more 
completely in an alkaline solution than in a neutral solution, 
and least of all in an acid solution. An acid dye should be 
taken up more completely in an acid bath than in a neutral 
one, and least of all in an alkaline solution. Addition of 
sodium sulphate should cut down the adsorption of acid dyes 
and increase the adsorption of basic dyes. 

In each case a small amount of dye was dissolved in 300 
cc water, the solutions usually being so dilute as to be quite 
transparent. The solutions were then divided into three 
equal parts. One was called the neutral solution and had 
nothing added to it. To the second portion i cc 6 N HCl 
was added, this portion being afterwards called the acid solu- 
tion. The alkaline solution was prepared by adding i cc 
6 N NaOH to the third portion. The wool was the best 
all-wool flannel that could be bought and was cut into strips 
approximately two inches by six. The cotton was heavy 
unbleached muslin cut into strips of about the same size. 
The wool and the cotton were bought at a local dry goods 
store and were used as bought. The strips were placed in 
cold solutions which were then heated to boiling for thirty 
minutes, after which the strips were washed and dried. 
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The first experiments were made with acid dyes on wool. 
Fast Green (Elberfeld) dyed wool more deeply in acid solu- 
tion than in neutral solution; in the alkaline solution prac- 
tically no dye was taken up by the wool. If a large amount 
of acid (lo cc) be added to loo cc of the dye solution, the 
wool does not take up as much dye as from the neutral solu- 
tion. 

Acid Green B. B. N. Y. (Elberfeld) illustrates admirably 
the effect of acidity and alkalinity. The woolen strip from 
the acid solution was dark green; the one from the neutral 
solution was light green ; while the one from the alkaline solu- 
tion was apparently not colored green at all. With Acid Violet 
3 R (Elberfeld) the acid and the neutral solutions dyed ap- 
proximately to the same hue; the strip from the alkaline solu- 
tion was much lighter. Croceine Orange (Elberfeld) behaved 
much the same way, there being very little difference between 
the strips from the acid and the neutral solutions; while the 
one from the alkaline solution is much less colored. Alizarine 
Yellow (Elberfeld) gave no .satisfactory results, the wool being 
colored about the same dirty yellow in all three solutions. 
Chromium is usually used as a mordant with this dye when 
dyeing wool, so perhaps this was not a fair case. 

Fast Blue 0 (Meister, Lucius and Briining) was tested in 
fairly concentrated solutions. The strip dyed in acid solu- 
tion was colored deep blue ; the one in the neutral solution was 
somewhat less blue and the color tended to a drab; in the 
alkaline solution the color was a bluish drab. There is the 
normal change in depth of color; but there is also an abnormal 
change of color. The dye is given in the books as a mixture 
of the sodium salts of triphenyl-/J-rosaniline-monosulphonic 
acid and of triphenylrosaniline-monosulphonic acid. The dye 
apparently gives quite different shades with varying concen- 
trations. The tendency to dye greenish drab increases in 
neutral solution with increasing dilution. Evidently the most 
concentrated neutral solution was not concentrated enough to 
give the same color as the acid solution. Addition of NaOH 
changes the color of the solution to a reddish brown. 
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A series of runs were now made with basic dyes on wool. 
Emerald Green fElberfeld) was tried in concentrated solutions 
and in dilute solutions. The gradations are excellent, the 
color being deepest in the alkaline solution and lightest in the 
acid solution. Addition of too much NaOH decolorizes the 
solution, a pale green precipitate being formed. A large 
amount of HCl causes the solution to turn reddish yellow. 
Neither of these difficulties occurs with the solutions actually 
used. Care must also be exercised with Victoria Blue B (Elber- 
feld). Boiling a solution of this dye causes turbidity, owing 
to the separation of the free base. The addition of con- 
centrated hydrochloric acid causes the separation of a blue 
precipitate which changes to green and then to a dark reddish 
brown. Three sets of experiments were made with this dye. 
With a concentrated solution the acid bath dyed the wool a 
beautiful blue, the neutral one dyed a deep purple and the 
alkaline bath a dark blue with a suggestion of purple. W’ilh 
a dilute solution, the deepest color was obtained in the alkaline 
solution which is as it should be; but the acid bath gave a 
deeper color than the neutral one, the color in this last bath 
tending to a drab. With a solution of medium concentration 
the neutral bath gives a deeper shade than the acid bath, but 
the alkaline bath did not seem to dye the wool more than 
superficially and the tint was distinctly off-color. When 
dyeing wool or silk, Victoria Blue is usually used in an acetic 
acid solution; for cotton, tannin and tartar emetic are used as 
a mordant. 

Thioflavine T (Matheson) gives very satisfactory results 
in neutral and acid solutions, the color being lighter in the 
acid bath. Addition of alkali causes a greenish precipitate 
to form, which, of course, makes this part of the experiment 
worthless. Chrysoidine AG (Matheson) gives a deeper color 
in alkaline solutions, but there is very little difference between 
the neutral fnd the acid baths. Safranine O (Meister, Lucius 
and Briining) gives admirable gradations especially when 
rather dilute solutions are used. 

As illustrating the general theory, Acid Green B. B. N. Y. 
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(Elberfeld) is perhaps the best of the add dyes tested, while 
l^nerald Green (Elberfeld) and Safranine O (Meister, Ludus 
and Brhning) are to be recommended among the basic dyes. 

A few experiments were also made with cotton. In 
general the effect of acidity and alkalinity is not so striking 
with cotton as with wool; but the same relations hold. A 
more concentrated NaOH solution was used than in the ex- 
periments on wool. With a more dilute solution there would 
have been less trouble from predpitation. With the add 
dye, Fast Green, an excellent gradation was obtained, the 
cotton strip dyeing a light green in the add bath, scarcely 
in the neutral bath, and not at all in the alkaline bath. Acid 
Violet and Croceine Orange also work well, a good color bdng 
obtained in the acid solution and practically no color in the 
alkaline bath. Fast Blue dyed cotton a light blue in the add 
bath; but the neutral and alkaline solutions had practically 
no dyeing power at all. With Alizarine Yellow the shade was 
the same from the neutral and the alkaline solutions. Hydro- 
chloric acid precipitated the dye and there was consequently no 
color taken up from this solution. 

Of the basic dyes Safranine was the one which gave the 
most satisfactory results with cotton. The color from the 
acid bath was a pale pink, from the neutral bath a red, and 
from the alkaline bath a deep red. With Emerald Green a 
light green was obtained from the add bath and a beautiful 
dark green from the neutral bath. Addition of too much 
alkali causes precipitation of a light green predpitate. It is 
probable that a more dilute alkali would have given satis- 
factory results, as was the case with wpol; but this was not 
tried. Thioflavine dyed more strongly in the neutral solu- 
tion than in the acid one; but the alkaline solution did not 
work well, owing to precipitation. As was the case with wool, 
Victoria Blue did not work well in alkaline solution owing to 
the change of color. Though the neutral bath dyed more 
deeply than the acid one, the general effect was not so satis- 
factory. 

A few experiments were next made to determine the effect 
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of sodium sulphate on neutral baths, care being taken that the 
only difference should be in the sodium sulphate content. To 
ensure this a solution of 15 grams Na2S04.ioH20 in 100 cc 
water was made up and also 200 cc of a dilute solution of the 
dye. The dye solution was divided into two equal parts, 
20 cc of the sodium sulphate solution being added to the one 
portion and 20 cc water to the other portion. With Acid 
Green, Croceine Orange and Fast Blue, the wool is dyed a deeper 
shade in the solution containing no sodium sulphate, the 
sodium sulphate preventing the dye from being taken up by 
the wool. With Croceine Orange the color is more yellow as 
well as lighter when the wool is dyed in the solution containing 
sodium sulphate. Emerald Green, Victoria Blue and Safranine 
were taken as the basic dyes and, in each case, less color was 
taken up by the wool from the solution containing no sodium 
sulphate than from the solution which does. The results with 
the basic dyes are the exact reverse of those with the acid dyes. 
This makes rather an effective experiment. 

Some experiments were next made with varying con- 
centrations of sodium sulphate to see whether the effect due 
to the salt passed through a maximum or a minimum at any 
concentration. Solutions were made up containing constant 
quantities of the dye and amounts of crystallized sodium 
sulphate varying from 16 grams per 100 cc (practically 
saturated) through 8, 4, 2, i, V2. '/'i. ‘/s. Via, to 'Aa grams per 
100 cc in some cases. To secure uniformity, the solutions 
were heated to boiling; the woolen strips were put in and 
boiled for an hour after which they were removed, washed 
by dipping into distilled water, and dried. To determine 
exhaustion, qualitatively, the solutions were brought again to 
100 cc with water and the relative depths of color noted by 
the eye. There seemed to be nothing to be gained by making 
quantitative determinations of exhaustion. In all cases 
checks were run with dye solutions containing no sodium 
sulphate. 

The first runs were made with Brilliant Blue Extra Green 
Shade (Elberfeld) because outside information had made it 
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seem probable that this dye would give abnormal results. 
The woolen strip in the most concentrated Glauber’s salt 
solution (practically saturated) took up but little color from 
the bath. As the concentration of the Glauber’s salt de-. 
creased to 0.5 gram per 100 cc, there was a continuous increase 
in. the depth of the color of the wool, but beyond this point 
there was no marked change. The bath containing 0.5 gram 
Na2S04.roH/3 per 100 cc seem to dye more evenly than the 
more dilute solutions. The degree of exhaustion of the baths 
varied continuously, increasing with decreasing concentra- 
tion of sodium sulphate. 

With vSafranine the gradation is even better and can be 
followed through the whole series. The strips dyed in the 
more concentrated .solutions are the darkest and those in the 
most dilute solution the palest. The order is the reverse of 
that with Brilliant Blue, just as it should be. The degree of 
exhaustion of the baths also varies continuously, being greatest 
in the solutions with high concentrations of Glauber’s salt and 
least in the dilute solutions. 

With Croceine Scarlet the dyeing was more intense and the 
degree of exhaustion greater as the concentration decreased 
from 4 grams Glauber’s salt per 100 cc. The baths containing 
16 grams and 8 grams per 100 cc did not fall in line; but there 
was also a distinct color change in these two cases, so that 
it is probable that there had been an actual change in the dye. 

With Benzopurpurine and wool there was very little differ- 
ence in shade with varying concentration of sodium sulphate, 
though dyeing took place more evenly in the solutions con- 
taining little or no sodium sulphate. In spite of this, dis- 
tinctly abnormal results were obtained as to the degree of ex- 
haustion of the baths. Those containing 16 grams and 8 
grams per 100 cc were almost colorless, with a colored pre- 
cipitate in the bottom of the flask. The apparent degree of 
exhaustion was next greatest in the bath containing 4 grams 
Na2S04.ioH20 per 100 cc. This was followed by the bath 
containing no sodium sulphate. The 2-gram bath was more 
colored and the i-gram bath was the most strongly colored 
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of all. A second run with new solutions gave the same re- 
sult. Since the difficulty was evidently due to the formation 
of colored precipitates, the woolen strips were omitted and 
fresh solutions of the dye were boiled in presence of varying 
amounts of sodium sulphate. In each case heavy precipitates 
were formed, the supernatant liquid being only slightly 
yellowish. This is enough to account for the abnormal ex- 
haustions. 

When cotton strips were substituted for the usual woolen 
strips and were boiled in freshly prepared dye baths, very 
satisfactory results were obtained. The Ughtest strip was the 
one from the solution containing no sodium sulphate and there 
was a gradual increase in the darkening as the concentration 
of Glauber’s salt increased. The results on exhaustion were 
more nearly normal than with wool, though there were colored 
precipitates at concentrations of Na2S04.ioH20 down to 2 
grams per 100 cc; but the bath ha\ung no sodium sulphate 
was much more highly colored than those with increasing 
concentrations of this salt. 

Glauber’s salt is frequently employed in the dyeing in- 
dustry to prevent a streaked appearance in the finished product 
and to cause the dye to penetrate farther into the fabric. The 
consequence is that the fabrics are dyed more evenly both on 
the surface and on the inside of the goods. That sodium 
sulphate causes a more even dyeing has been explained on the 
ground that the salt prevents the fabric from taking up the 
color so readily as it would otherwise do. Since the bath is 
not exhausted quickly, the dye has ample opportunity to come 
into immediate contact with all portions of the fabric before 
it is adsorbed; consequently, all parts are colored evenly when 
adsorption takes place. In order to test this hypothesis, two 
100 cc solutions were made up of equal concentration as re- 
gards the dye; but one contained 1 gram Na2S04.ioH20 per 
100 cc while the other did not. Both were heated to boiling, 
and six small woolen strips were placed simultaneously in 
each. At the end of 5, 15, 25, 35, 45 and 55 minutes, respect- 
ively, one strip was removed from each bath, washed, and 
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avowed to dry. An inspection of the strips gave qualitatiye 
infoitnation as to the rate of ads(»ption in the two baths. 

With Add Violet the color of the siunples deepened wiA 
the time of immersion up to 45 minutes, after which there was 
no appredable change because the baths were nearly ex- 
hausted. The exhaustion was greater in the bath containing 
no sulphate and the samples from this bath were always slightly 
darker than the corresponding ones from the bath d)ntaining 
sulphate. Though the sulphate cuts down the rate of ad- 
sorption, it also cuts down the total amount of dye adsorbed. 
The same effect was obtained with Add Green, so that the 
usual explanation for the action of sulphate is not entirely 
correct. 

As a preliminary to experiments on mordants, some ex- 
periments were made with lakes, prepared by predpitating a 
mordant in presence of the dye and in the absence of the 
fabrics. Aluminum hydroxide was predpitated from the 
sulphate solution by means of sodium hydroxide. This, of 
course, carries down some sodium sulphate. Aluminum 
hydroxide was predpitated from aluminum acetate, not 
necessarily in solution, by means of sodium hydroxide. A 
tannin lake was obtained by the action of tartar emetic on a 
tannic add solution in the presence of ammonium chloride. 

The first lot of alumina lakes were prepared by dissolving 
8 grams aluminum sulphate in 50 cc water, adding enough 
dye to give the solution a faint color, and just predpitating 
all the alumina with caustic soda. The mixtures were allowed 
to stand in cylinders until the predpitate settled so that one 
could be certain whether the supernatant liquid was colorless or 
not. Alumina does not decolorize solutions of the following dyes 
completely: Fast Green; Add Green; Croceine Orange; Fast 
Blue ; Emerald Green ; Victoria Blue ; Thioflavine ; Chrysoidine ; 
Safranine. Alumina takes out nearly all the color from Alkali 
Blue and decolorizes a dilute solution of Acid Violet. A dilute 
solution of Alizarine is decolorized completely, a pink lake 
being formed. When a more concentrated solution is used, 
the color is not taken out so completely but the lake is dark 
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red. Solutions of Alizarine Green, Benzo Orange, Alizarine 
Orange, and Coeruleine decolorize well. A very dilute solution 
of Alkali Blue decolorizes completely. With Alizarine Black 
the supernatant liquid is somewhat yellowish; but otherwise 
this dye is very satisfactory. Solutions of Alizarine Blue and 
of Anthracene Chrome Blue are not decolorized satisfactorily 
by alumina. Chromium hydroxide is intended to be used as a 
mordant with Anthracene Chrome Blue ; but no attempt was 
made to determine the behavior of the chrome lake. To a 
dilute solution of Alizarine Blue 6o cc of a water glass solution 
were added and the silicic acid then set free by hydrochloric, 
acid. The silicic acid did not carry down the Alizarine Blue. 

In cases where alumina causes little or no change in the 
color of the solution, it is impossible to say, by inspection 
whether the alumina is colored at all or whether the color that 
one apparently sees is due to the colored solution surrounding 
the precipitate. In cases of this sort the precipitate was 
filtered and washed. The dyes were added in small amounts 
to separate stand-glasses, each containing 50 cc water and 8 
grams aluminum sulphate. The lakes were precipitated with 
NaOH as before and were allowed to stand for a week, after 
which they were filtered and washed with cold water, care 
being taken to note the appearance and color of the original 
lake, solution, and residue after filtration; also of the pre- 
cipitate after washing, and of the wash water. 

With Fast Green alumina seemed to carry down no color 
at all, the solution being apparently as intensely colored as 
before the alumma was precipitated. The filtered precipitate 
was almost white and one washing took out all the color. 
There is therefore no appreciable adsorption in this case, the 
slight color of the precipitate being due to mother liquor. 
Add Green behaves like fast green. There is no perceptible 
decolorization of the solution and one washing leaves the 
aliunina colorless. Add Violet was carried down completely 
by alumina, as has been previously stated. When the pink 
lake was washed, the filtrate was colorless, so this lake is 
“fast” to cold distilled water. When a very dilute solution of 
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Alizfirim Yellow is taken, the resulting lake does not color the 
ws^ water. Altunina is colored but slightly by Croceine 
Orange and one washing removes all the color. 

Starting with a more concentrated solution of Fast Blue 
than usual, a light blue lake separated and the color of the 
supernatant liquid was less intense than before. When the 
bluish lake was washed, the color decreased in intensity and 
the wash water was distinctly blue. This seems to be a case 
where there is some adsorption but where the distribution 
coefficient is such that water takes out the dye gradually, 
the color not being fast. Emerald Green seemed to be taken 
up somewhat by alumina but the color washes out at once 
and the apparent color of the lake is therefore probably due 
to mother liquor. When alkali is added to Victoria Blue the 
color changes to a paler brown. A pale reddish brown lake 
is formed which does not 5deld any color to the wash water. 
With Thioflavine the altunina is so obviously colorless that the 
solution was not even filtered. With Chrysoidine the filtered 
lake appears sUghtly colored ; but the first washing removes the 
tint. With Safranine the alutnina seemed shghtly colored but 
the first, washing removed the color. This case differs from 
the preceding ones in that the filter paper was colored deeply 
by the original solution and prolonged washing did’ not remove 
all of the color though it did take some of it out. Of course 
this is not specially surprising because Safranine is used as a 
stain in histological work. It makes a very good experiment 
however. Bits of clean filter paper were next shaken up with 
some of the unwashed, slightly colored alumina and with pure 
water in an Erlenmeyer flask. The alumina was decolorized, 
part of the color going to the filter paper and part to the water. 
This is what one would expect because the water would wash 
the color out of the alumina while the filter paper would take 
up its proportion from the water. With aluminum sulphate 
we are precipitating alumina from a soluble salt. It seemed 
worth while to see what would happen if one started with the 
sparingly soluble aluminum acetate. With this salt it would 
be possible to add calcium acetate if desired, and the presence 
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of a calcium salt is considered essential when dyeing with 
alizarine. A dilute solution of the dye was made and a 30 
cc portion was placed in each of two cylinders. To each 
solution was added 0.5 gram solid aluminum acetate (no 
analyses made). To one of the solutions was added as much 
solid calcium acetate as would go on the tip of a small knife 
blade. The mouths of the cylinders were closed with rubber 
stoppers and the mixtures were shaken thoroughly. Caustic 
soda solution was added, a little at a time, until no unde- 
composed aluminum acetate could be seen after shaking. An 
excess of alkali must not be added or the alumina will go into 
solution. The cylinders were allowed to stand until the lakes 
had settled. With Fast Green the lake settled rapidly in the 
cylinder to which calcium acetate had been added. The 
alumina was colored a deep green but there was some color 
in the supernatant liquid. The precipitate settled in the 
course of a few hours in the cylinder containing no calcium 
salt. A good deal of color was carried down by the alumina 
but not so much as when the calcium salt was added. It 
is interesting to note that alumina prepared from aluminum 
acetate carries down much more color than alumina prepared 
from a sulphate solution. 

With Acid Green as dye, the lake settled at once in the 
solution containing lime ; but did not take down all of the color. 
In the solution containing no calcium salt, the lake settled 
over night. It seemed to be more deeply colored than the 
corresponding lake containing lime, thus reversing the 
phenomena obtained with Fast Green. So far as qualitative 
tests go Acid Green is adsorbed to a lesser extent than Fast 
Green. With Acid Violet 3R both lakes carried down prac- 
tically all the color. The only apparent difference is that the 
lake settled almost immediately in the solution containing 
lime and much more slowly in the other case. With Croceine 
Grange the settling was more rapid in the solution containing 
lime and nearly all the color was carried down. The ex- 
haustion of the bath was not nearly so complete in the solution 
containing no calcium salt. Botli the solutions of Alizarine 
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Ydlow dimiged to red on the addition of caustic soda but re- 
turned to their former color when the base had reacted with 
the aluminum acetate. In both cases the lake removed nearly 
all the color; so that the only noticeable difference was the 
rapidity of settling when calcium acetate is present. The 
solutions of Fast Black O (Meister, Lucius and Briining) turned 
pale pink when alkali was added and then did not txnn back 
completely, probably because a slij^t excess of base was 
present. The precipitate settled at once in the solution con- 
taining lime and the lake appeared to carry down all the color. 
The precipitate in the other solution settled over night and 
carried down most, but not all, of the color. With Emerald 
Green and Chrysoidine, practically no adsorption took place 
from either solution. The presence of lime caused a more 
rapid precipitation. The solutions of Victoria Blue turned 
pink on addition of alkali. The lakes were reddish brown 
and removed practically all the color. 

The increased adsorption of the add dyes, Fast Green, 
Add Green, Add Violet, Croceine Orange, Alizarine Yellow, and 
Fast Blue when no sulphate is present, is undoubtedly in line 
with the action of sodium sulphate in preventing these dyes 
from being taken up by wool. It had been hoped that sodium 
sulphate would cause the basic dyes. Emerald Green and 
Chrysoidine, to be taken up more readily by alumina; but this 
seems not to be the case. The cases would be more nearly 
parallel if we had a basic dye which was adsorbed appreciably 
by alumina. It is conceivable that the sodium sulphate acts 
as it should but that the difference falls within the li m it of 
experimental error. This is a plausible assumption because 
it has been found that a saturated solution of sodium sulphate 
will not strip alumina lakes of Alizarine or Alizarine Black 
when these are prepared from aluminum sulphate solution. 
The rapid settling of the lake in presence of calcium salt is in 
line with the general behavior of colloidal suspensions. 

It is worth noting that the apparent volume of the pre- 
cipitate was always greater in the solutions containing calcium 
salts than in the corresponding solutions containing none. 
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There are several possible ways of accounting for this. The 
precipitate might be less dense and therefore more bulky 
in the one set of cases; the precipitate might actually be 
heavier, owing to the presence of calcium hydroxide; or the 
precipitate might actually be heavier owing to more complete 
precipitation of the alumina. The third assumption does not 
seem probable because the supernatant liquid does not seem 
less clear in one case than in the other. While the second 
assumption is undoubtedly true, so little calcium acetate 
was taken that it does not seem probable that the calcium 
hydroxide could account for the difference. It seems more 
plausible that the rapidly coagulated gel contains more water 
than that which has precipitated slowly. As this is really 
a problem in general colloid chemistry rather than in the 
special subject of dyeing, no work was done on this point, 
interesting though it is. 

The wide use of tannin with potassium antimony tartrate 
in connection with the mordanting of basic dyes upon cotton 
suggested the preparation of tannin lakes with basic and 
acid dyes. Accordingly, cylinders containing about 50 cc 
each of dilute solutions of various dyes were arranged in a 
row; to each cylinder was added about a heaping tablespoon- 
ful of tannin. The cylinders were shaken thoroughly to cause 
apparent solution of the tannin, and 5 cc molar ammonium 
chloride added to each stand-glass. The lakes were then 
precipitated by adding sufficient tartar emetic solution, little 
by little. The precipitates were allowed to settle for 2 hours 
though this was longer than was necessary. Experiments 
were made with the acid dyes, Fast Green, Acid Green, Acid 
Violet, Croceine Orange, Alizarine Yellow, and Fast Blue; and 
with basic dyes, Emerald Green, Victoria Blue, Thioflavine, 
Chrysoidine and Safranine. In every case the precipitate 
carried' down practically all the color regardless whether the 
dye was a basic or an acid one. These lakes did not bleed 
when washed with water. Unless ammonium chloride is 
added no precipitate forms and we are apparently dealing 
with a colloidal solution of the lake analogous to some of the 
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«rritang inks. It makes no difference, however, whether the 
aaUQfnuum ehlmide be added before <x alter the tannin and 
the tartar emetic solutions are mixed. If added after the 
imxing, the ammonium chloride causes the precipitation of 
the lake. 

Experiments were next made on cotton mordanted with 
tannin, with and without tartar ametic. Cotton strips were 
boiled for i hour with tannin and water, were dried, and then 
were treated with solutions of basic dyes. Thioflavine dyed 
the cotton well and Victoria Blue very poorly; Emerald Green 
gave a good green; Chrysoidine, a brilliant orange and Safranine 
a deep red. The strips were boiled with distilled water for 
an hour to fade them if possible. The strip dyed with Emerald 
Green faded a great deal, the cloth becoming a light green and 
the solution turning pink. The pink color being unexpected, 
the solution was decanted and was used to dye wool and 
cotton. Wool dyed slightly green, leaving the solution still 
pink; while the cotton turned greenish with a pink tinge, the 
solution being then very pale pink in color. To determine 
whether the pink color was due to a reaction of the dye with 
tannin, a solution of the two were boiled without any cotton 
being present. The color remained green and no change to 
pink could be detected. The strip dyed with Thioflavine 
bleached a great deal, the solution becoming colored slightly 
yellow, while a flocculent, yellow precipitate formed in the 
bottom of the beaker. This precipitate is undoubtedly a 
thioflavine lake. The strip dyed with Chrysoidine faded 
considerably, the water taking on a deep orange color. The 
strip dyed with Safranine also faded a great deal, the solution 
becoming deep red. The strip dyed with Vibtoria Blue faded 
but little and imparted but a sUght color to the water; but 
this is probably due in part to, the fact that the cotton had 
only taken up a little of the dye originally. 

To study the mordant action of tannin an4 tartar emetic 
combined, cotton strips were soaked in a cold tannin solu- 
tion, dried, passed through a solution of potassium antimony 
tartrate, dried, and then dyed in a neutral bath. The strips 
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were dried, and a small sample cut from each to act as a 
check. The strips were then boiled with water for 4 hours 
to make them fade. Emerald Green and Victoria Blue did not 
dye smootWy, the cloth being spotted. The spotting with 
Emerald Green seems to be due to air bubbles adhering to the 
fabric and keeping dye solution from wetting it completely. 
Fast Green and Acid Green dyed well but faded considerably; 
Acid Violet and Croceine Orange dyed very well but faded out 
nearly completely. Fast Blue dyed well, but faded almost 
completely. Alizarine Yellow did not dye a deep shade but 
did not fade much. It is worth noting that while Alizarine 
Yellow is fairly fast when mordanted with tannin and tartar 
emetic, it does not dye cotton readily. The dye seems to be 
adsorbed slowly; but the mordant holds it well after it has 
once soaked in. 

Emerald Green dyed a fairly good color but spotted ; it 
did not fade. Victoria Blue dyed very poorly but did not 
fade. Thioflavine, Chrysoidine, and Safranine dyed beauti- 
fully and were fast. There is very little fading with the basic 
dyes while the acid dyes are not fast with the exception of 
Alizarine Yellow. 

Since soap is used to some extent as a mordant, strips of 
cotton were boiled for an hour in a concentrated soap solution 
made from yellow laboratory soap. The strips were allowed 
to dry and were then dyed in a neutral bath. Checks were run 
with strips which had not been treated with soap. The dyes 
used were Emerald Green, Victoria Blue, Thioflavine, Chrysoi- 
dine, and Safranine. In every case the strips which had not 
received the soap treatment dyed much deeper than the 
others. When boiled with water, the color was much faster 
in the strips which had received the soap treatment. After 
16 hours’ boiling with water, the strips were still fading a 
little and there was very little difference between the two sets. 
The experiments, like the one with tannin alone, ' were not 
quite fair from the dyer’s pcant of view because soap is not 
ordinarily used without a fixing agent. Another set of runs 
was therefore made, in which the cotton strips were boiled 
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for I Irotir in a dilute soap solutioB icdd then dried. Th^ 

neirt placed for 30 minutes in a cold solution of soda alum, 
aft^ which they were allowed to drain and dry pardaUy fca* 
an hom*. They were boiled for an hour in a neutral dye bath. 
As befme, checks were run with cotton strips which had not 
bemi treated with soap and with alum. The d)^ used were 
the same as before. In each case the treated strip took up 
more color than the untreated strip. When boiled with wato* 
twice for an hour each time, the mordanted strips, which had 
been dyed with Emerald Green or Victoria Blue, faded very 
^ghtly if at all, while the untreated strips faded considerably. 
With Thioflavine and Chrysoidine the untreated strips did not 
fade so much as did the untreated dyed with Emerald Green 
or Victoria Blue; but they faded much more than .the corre- 
sponding, mordanted strips. The sodium oleate, which is 
the important item in the soap, apparently cuts down the 
amount of dye which the cotton will take up; but what dye is 
taken up becomes practically fast to boiling water. 

The general results of this paper are as follows: 

1. Acid dyes should be taken up more completely in an 
add solution than in a neutral one and least of all in an alka- 
line solution, while the reverse should be true with basic dyes. 
Good gradations can be obtained on wool with Add Green and 
Emerald Green; on cotton with Fast Green and Safranine. 

2. Marked differences between the dydng in acid and 
alkaline solutions can be obtained on wool with Fast Green, Fast 
Blue, Add Violet, Crocdne Orange, Crystal Ponceau, Chrysoi- 
dine, Safranine, and Methylene Blue; on cotton with Add 
Violet, Croceine Orange and Emerald Green. 

3. Addition of sodium sulphate should cut down the ad- 
sorption of acid dyes and increase the adsorption of basic dyes. 
Excellent results are obtdned on wool with Add Green, Fast 
Blue, Crocdne Orange, Victoria Blue> Chrysoidine and 
Safranine ; on cotton with Benzopurpuiine. 

4. The effect of continuoudy varying concentrations of 
sodium sulphate is shown well on wool with BiilHant Blue and 
Sdfrahine ; on cotton with Safranine. 
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5. Alumina, precipitated from an aluminum sulphate 
solution, carries down practically no Fast Green, Acid Green, 
Croceine Orange, Emerald Green, Thioflavine, Chrysoidine, or 
Safranine. There is a slight adsorption of Fast Blue and 
Victoria Blue, but not enough to decolorize even a fairly 
dilute solution. 

6. Alumina, precipitated from an aluminum acetate 
solution adsorbs Fast Green, Acid Green and Croceine Orange 
considerably but not Emerald Green or Chrysoidine. Presence 
of sulphate decreases the adsorption of the acid dyes by 
altunina as well as by wool. 

7. When calcium acetate is added to the aluminum acetate 
solution, the alumina carries down more Fast Green and Cro- 
ceine Orange but less Acid Green. In all cases the lake settles 
faster in the solution containing lime. 

8. Alumina, precipitated from an aluminum sulphate 
solution, decolorizes dilute solutions of Alizarine, Alizarine 
Green, Benzo Orange Coerulein and Acid Violet practically 
completely. Alumina, precipitated from an aluminum acetate 
solution, decolorizes more concentrated solutions. 

9. Tannin, tartar emetic and ammonium chloride carry 
down Fast Green, Acid Green, Acid Violet, Croceine Orange, 
Alizarine Yellow. Fast Blue, Emerald Green, Victoria Blue, 
Thioflavine, Chrysoidine, and Safranine practically com- 
pletely. The presence of ammonium chloride is essential to 
precipitate the hydrosol. These lakes do not bleed when 
washed with water. 

10. When cotton is mordanted with tannin and tartar 
emetic, it dyes well with Thioflavine, Chrysoidine, Safranine 
and Alizarine Yellow; the colors stand washing with water. 
The cotton dyes well with Fast Blue, Fast Green, Acid Green, 
Acid Violet, and Croceine Orange but the colors fade when 
washed with water. 

1 1 . When cotton is treated with soap, it takes up Emerald 
Green, Victoria Blue, Thioflavine, Chrysoidine and Safranine 
less completely than the untreated cotton; but the color washes 
out less rapidly. 
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Z2. When cotton is treated with soap and altun, it takes up 
Emerald Green, Victoria Blue, Thic^vine and ChrysoiiBne less 
completely than the untreated cotton. With Emerald Green 
and Victmia Blue, there is only a slight fading on washing 
with water; with the Thioflavine and Chrysoidine there is 
considerable fading but not so much as when no alum is used. 

This investigation was suggested by Professor Bancroft 
and has been carried on under his supervision. 

C&rndl University 
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BY GUY B. TAYLOR AND GEORGE A. HULETT 

The atomic weight of mercury as at present accepted, is 
based on the analysis of the chloride and bromide, salts of 
quite similar character. Confirmation from other classes of 
compounds is desirable. From our work on the dissociation 
of mercuric oxide^ we have become convinced that this com- 
pound can be prepared in a high state of purity by the direct 
union of mercury and oxygen. Mercury can probably be 
prepared purer than any other single substance^ and elec- 
trolytic oxygen leaves little to be desired. In the previous work 
the oxide was made by heating the two elements together in 
sealed tubes of about 200 cc capacity. From so small a 
volume of oxygen but little of the oxide could be produced 
at each heating, and part of it adhered so tightly to the 
walls of the tube, that scraping was necessary for its removal, 
causing traces of silica to occur in the product. It was also 
difficult to open the tubes with their high vacua without 
introducing bits of broken glass. 

With the apparatus sketched in the accompanying figure 
(Fig. i) we were able to heat the two elements together and 
supply the oxygen under pressure as fast as it was used up. 
Tube A, capacity about 250 cc was half filled with mercury 
and placed in an electric furnace. The two traps T and T' 
contained mercury. When oxygen was compressed in the 
cylinder C, by pouring mercury into the separatory funnel, 
the gas bubbled through the mercury in T' and into the re- 
action tube A. At the same time the mercury in trap T 
rose in the left arm, preventing pressure being put upon the. 
other parts of the apparatus. The oxygen cylinder C could 
be refilled at any time by closing the cock of the funnel and 
drawing out the mercury from the bottom. The gas entered 
from the generator by bubbling through trap T and trap T' 

^ Jour. Phys. Chem., 17, 565 (1913)- 

2 Hulett: Phys. Rev., 33, 310 (1911)- 
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pievented the rdease of the pressure in the reaction tube A. 
At the beginning the air was pumped out through tube B 
and then tMs tube sealed off. 

The CBcygen was generated electrolytically in a type of 
generator (B> E) that has given good results in this laboratory. 
It ctm^ted of two cylindrical vessels, capacity about two 
liters each, connected at the bottom by a short piece of wide 
gla^ tube with ground joints. The apparatus could not be 
made in one piece, but the joints were well ground and held 
tight without lubrication. Tubes for leading off hydrogen 



Fig. I 


and oxygen were connected at the top of each vessel by means 
of ground connections made gas tight with a trace of marine 
glue. Platinum wires sealed into tubes just above the ground 
joints carried the platinum gauze electrodes. For elec- 
trolyte we used a 30 percent solution of Kahlbaum’s best 
potassium hydroxide, kept permanently free from carbonate 
by an excess of barium hydroxide. The oxygen was passed 
over an electrically glowed platinum spiral, G. Moisture was 
removed by freezing out or passing over phosphoric anhydride 
as indicated in sketch. The apparatus serves equally well for 
hydrogen. 

All parts of the apparatus were glass and only one stop- 
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cock with which the oxygen came in contact was necessary. 
This was well ground and required only a trace of lubricant. 
At first we used syrupy phosphoric acid, but since this re- 
quired frequent renewing, and it was necessary to operate the 
apparatus continuously for many days, we later substituted a 
good quality grease. Chance of contamination of the oxide 
in the reaction tube from this source is too remote for con- 
sideration. 

Four times distilled mercury was heated in the reaction 
tube A at 420 =*= 10° C under an oxygen pressure of 2-3 atmos- 
pheres continuously for from five to seven days. Only that 
portion of the oxide floating on the surface of the metal or 
falling loosely from the tube was taken while that adhering 
to the tube was rejected. The yield was 10-15 grams HgO 
per run. The reaction is so extremely slow and the yield so 
small that our supply of oxide has necessarily been limited. 
To emphasize this difficulty it may be remarked in passing 
that the reaction tube exploded on three separate occasions 
after the run had been going several days. 

The oxide was finally freed from all traces of uncombined 
metal by heating to 400° in a rapid stream of oxygen under a 
pressure of one atmosphere. The gas was taken from a cylinder 
furnished as pure oxygen by the S. S. White Dental Mfg. Co. 
and dried by sulphuric acid, soda lime, and calcium chloride. At 
400° C the rate of decomposition of the oxide is insignificant 
and the vapor pressure of mercury something over two atmos- 
pheres, so we concluded that any mercury mechanically en- 
closed by the crystals would be expelled. The oxide was then 
bottled and kept in a desiccator until used. 

Analysis of the Oxide 

The principle of the analysis consisted in reduction of the 
oxide by metallic iron and weighing the mercury as metal. 
The ground oxide was weighed in a hard glass tube about 
200 mm long and 7.5 mm internal diameter, closed at one end. 
This was thoroughly mixed in the tube with about twice its 
volume of finely divided metallic iron. This mixture was 
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coverfed 'willi a layer of iron powder and the 'niide held in 
place by an asbestos plug, llie tube #as then constricted 
in two places, the air exhausted to a pressure of o.i mm or 
less with a mercury pump, and sealed off at the constrictioii 
nearer the pump. The decompontion was effected by putting 
the inverted tube in an electric heater with its empty end 
pnotruding below and remaining at room temperature to con- 
dense the evolved mercury. The temperature was raised 
slowly and held at 350-375° for a or 3 hours, or until prac- 
tically all the mercuric oxide had been reduced. Then the 
temperature was raised to about 600° C and held there 24 
to 36 hours longer to insure complete decomposition. During 
the last half hour, the protruding end of the tube where the 
mercury was condensed was cooled to 0° with ice. 

Whether there is enough iron in actual intimate contact 
with the oxide to effect its complete reduction is immaterial, 
since the iron oxide formed rapidly catalyzes the dissociation 
into mercury and oxygen, but the total iron present must be 
sufficient to take up all the oxygen liberated in order to prevent 
reoxidation. At the end of the experiment the tube was cut 
open and the mercury transferred as a single globule to a 
porcelain crucible and weighed. The metal obtained in this 
way required no washing or drying, an operation involving 
some difficulties as has been pointed out by Perdue and 
Hulett’ and Easley.'^ The finely divided iron was obtained 
by reduction of Baker’s “analyzed” ferric oxide in pture, dry 
hydrogen. By the above method the following results were 
obtained. 

The weighings were made by the method of substitution, 
udng a Ruprecht balance capable of giving an agreement of 
0.02 mg on consecutive weights. This balance was kept in 
a room where temperature and humidity were under control. 
Ample time was always allowed for temperature differences 
to adjust themselves after each opening of the balance case. 
Carefully calibrated weights were used and vacuum correc- 

‘ Jour. Phys. Chem., 15, 147, 155 (i9«i). 

“Jour. Am. Chem. Soc., 32, 1117 (1910). 
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tions applied, 0.03 mg pa- gram HgO and 0.055 “g per gram 
Hg. 


Sample 

Wt. HgO 

Wt. m 

~! ■ 

^ Percent Hg 

w 

2.98464 

. 

2.76390 

1 92.604 

w 

3.61841 

3 35066 

! 92.601 

A 

3-82184 

3 53923 

92.606 

A 

3 40356 

3-15185 

; 92.605 

A 

3.80726 

3-52567 

92 . 606 

B 

4 56858 

4-23065 

1 92.603 

C 

5 42945 

5-02819 

92 . 609 

D 

2.38313 

2 20681 

92 . 602 

D 

3 • 76766 

3-48933 

92.612 


General mean 92 . 6053 ± o . 0008 
Then for O = 16 Hg = 200.37 ± 0.025. 

The constancy of the results obtained is all that could be 
desired; the probable error of a single determination of the 
percent Hg in HgO is =*=0.002 percent and of the average 
percentage =*=0.0008 percent. Now mercury oxide was 
weighed as the starting point and the oxygen determined by 
difference, not a standard method for an atomic-weight 
determination; nevertheless, the results are so consistent 
that the calculated atomic weight of mercury 200.37 
(O = 16) shows a probable error of only ±0.025, which should 
give us the first decimal place and a good idea of the second, 
provided there are no constant errors. 

The manipulation and method were tested by weighing 
pure mercury into a tube, adding the iron, evacuating, and 
proceeding as in the analysis. This would determine whether 
any mercury was retained by the iron or lost by faulty con- 
densation. No loss could be detected. The HgO was pre- 
pared from direct union of oxygen and mercury, using only 
the purest materials with no contact with other substances. 
The oxide could include some mercury, but subsequent heat- 
ing in a current of oxygen to 400° seemed to entirely eliminate 
this source of error, and as the calculated atomic weight is 
smaller than the latest determination, this point seems to be 
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above criticism; that the oxide was not completely decom- 
posed is imiH'obable for the heating in contact with the 
catalyzer, ferric oxide, at 600° was always 24 hours and several 
of the determinations 36 hours, with the same results. 

The accepted atomic weight of merciny is based upon the 
excellent work of Easley^ and of Easley and Brann.® These 
investigators worked with the chloride and bromide. From 
their published results we have calculated the following: 

Hg : HgCl* ( 6 determinations) 73.8833 * 0.0007% = 

200.621 =*= 0.C058 

HgCla : 2 AgCl ( 6 determinations) 94.7177 * 0.0023 = 

200.617 * 0.0067 

HgBra : 2 AgBr (u determinations) 95.9697 0.0013 = 

200.622 * 0.0052 

As far as the experimental results are concerned, this 
work should locate the atomic weight of mercury at 200.62, 
with the second decimal place quite certain, provided there 
are no constant errors. The mercury was weighed direct 
and the chlorine determined as silver chloride, the results 
agreeing so closely that one is inclined to consider the methods 
without sensible error and the percentage of mercury in the 
mercuric chloride used as 73.8833 percent. If this salt was 
pure we are justified in the above value for the atomic weight 
and the bromide results give added confidence. 

Our result, 200.37, shows a marked deviation from this 
value but our method was so simple and direct that we place 
a great deal of confidence in 92.605 percent being the per- 
centage of mercury in our oxide. In preparing the oxide 
everything was excluded but oxygen and mercury with no 
contact with other substances. Since there appears to be 
too little mercury, inclusion of the metal is not to be con- 
sidered, nor oxygen as an impurity in solution in HgO. But 
if some higher oxide is capable of existence and is soluble in 
HgO, it might be expected to be present, for in the system 
oxygen and mercury in equilibrium with both elements in 

' Jour. Am. Chem. Soc., 31, 1207 (1909): 32, 1117 (1910). 

* Ibid., 34, 137 (1912). 
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excess, every possible combination of Hg and 0 must have 
been present while the HgO was forming. Bredig and Wein- 
mayr^ have noticed a periodic catalysis of the decomposition 
of hydrogen peroxide in solution by metallic mercury. 
Antropoff* has shown that this is due to the alternate forma- 
tion and shearing away of a film of a mercury compound on 
the surface of the metal, which he has isolated and identified 
as Hg02. A very slight amount (0.13 percent) of such a 
peroxide in our preparation would account for our low value, 
and would be exceedingly difficult to detect if present as solid 
solution. The results obtained from this analysis of our mer- 
cury oxide seem to us to call for a further investigation of the 
atomic weight of mercury. 

Laboratory of Physical Chemistry, 

Princeton, October, iQij 

‘ Zeit. phys. Chcm., 42, 601 (1903), 

2 Ibid , 62, 513 (1908); Jour, prakl. Chem., 77, 273 (1908) 



ON THE MECHANICAL PROCESSES OF COMBINA- 
TION 

BY NATHANIEL T. BACON 

Whenever a chemical reaction occurs, evidently at the 
absolute point of combination there must be brought into 
simultaneous contact sufficient of all the elements involved 
to make up the resulting combination. When all or part 
of the materials involved in the chemical changes are gases, 
which by their nature are discontinuous, so that there is 
theoretically little probability of simultaneous presence with 
the other materials of more than a single molecule of gas at 
the critical point, the process by which combination can occur 
becomes complicated and especially so whenever a single 
molecule of a gas thus entering into combination is insufficient 
to satisfy the requirements of equilibrium with a single mole- 
cule of any other of the constituents. 

By theory there will never be more than momentary 
contact between a gaseous molecule and any other, solid or 
gaseous. It will be rare, therefore, that two gaseous mole- 
cules impinge simultaneously on any other, which goes far to 
explain why reactions involving concurrence of three mole- 
cules are hard to carry on, and those involving more than 
three are very rare; as osmotic pressures show that move- 
ments in solutions are akin to those in the gaseous state. 

The only exceptions to the rule of only momentary con- 
tact for gases seem to be those due to absorption and ad- 
sorption, and very likely even the phenomena observed in 
such cases are not really exceptions, but merely the result of 
transformation of an infinitesimal amount of the gas in ques- 
tion to the liquid state, forming a film perhaps not one 
millionth of a millimeter thick on exposed solid surfaces, 
though perhaps not covering them entirely. Experiments 
on the increase of weight and temperature of platinum sponge 
when exposed to hydrogen indicate that this most volatile 



Mechanical Processes of Combination 763 

of all well-known gases is there reduced to a liquid condition, 
and, if so, it is a less violent assumption for any other gas. 

My theory of this action is based on the h)rpothesis of 
imperfect elasticity for at least certain molecules. The 
ordinary assumption is that all molecules are perfectly elastic. 
This I should be inclined to question merely from the diver- 
gences found in practice from Boyle’s law concerning the 
expansion of gases. This theory really goes back of the molec- 
ular to the atomic condition, and assumes the multiplicity 
of parts of the atom. Probably this no longer requires proof, 
but if some are not satisfied, evidence for it appears in the 
different lines of the spectra of all substances, showing (as 
the spectra are atomic and not molecular phenomena, it mak- 
ing little difference how the atoms are combined) that different 
parts of the atom are vibrating in different periodic times. 
If this is the case, even with molecules containing only two 
atoms, there is room for deformation by distortion of the 
individual atoms, and the heavier the atom the greater the 
apparent opportunity for this. As complicated molecules 
also give opportunity for direct distortion, the heavier the 
molecule, the less perfect its elasticity is likely to be, which 
also accords generally with the divergencies from Boyle’s law, 
and some further evidence in favor of this has been found in 
certain experiments made at Harvard under 40000 atmos- 
pheres of pressure, which were unpublished in 1911, and of 
which I have been unable since to find any trace in the Ab- 
stracts of the American Chemical Society. 

The theory offered is that when imperfectly elastic mole- 
cules collide, they do not recoil with the same virtual velocities 
as before, but parts of their kinetic energies are converted into 
heat by the work done in distorting the molecule, and when 
one of the molecules is in the solid or liquid form (which 
allows for removal, by conduction, of part of the heat generated) 
the loss of velocity is not fully compensated by increase of 
temperatme of the migratory molecule (which otherwise 
would increase its velocity to the original speed). The loss of 
velocity may thus be carried to the point where a film of such 
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molecules forms more or less completely over the solid 
nucleus, a limit being reached when the temperature of the 
soHd and surrounding film rises to the point of driving off a 
new molecule for each one that comes into this composite 
system. Such molecules having lost their migratory velocity 
but having an increased temperature would seem to corre- 
spond pretty closely to the case where a gas loses its latent 
heat of volatilization partially by conduction and partially 
by increase in temperature, as occurs when a gas is condensed 
in a compressor cylinder, thus making it not improbable that 
these films are in liquid condition, and that the calorific trans- 
action in driving off a different molecule, to balance a new one 
retained, consists in furnishing to the one volatilized the 
latent heat lost by that retained. This action is very 
similar to the galvanic transfer, by which frequently erosion 
takes place by a solution, not at the point where the oxygen 
reaches the body affected, but at some totally different place, 
where either greater purity of the substance or some other 
determining cause establishes a polarity. 

In accordance with this hypothesis the films gathering 
thus around a solid particle would be likely to be mainly if 
not wholly of some particular constituent in a medium con- 
sisting of a mixture of gases. 

It is a corollary of the discontinuous nature of gases that 
their conditions of combination relate only to the molecules 
actually coming into contact. It is well established, both 
theoretically and by observation, that certain molecules in a 
gaseous mixture have higher velocities and therefore higher 
temperatures than the general average, which alone we are 
able to determine with accuracy; and as what probably rules 
is the average temperature pf the system of molecules coming 
into contact, it is impossible to determine the exact tem- 
perature at which ignition begins, for if two molecules of 
higher average temi>erature (one might be much warmer 
than the other) than the general average come into contact 
and thus combine, the heat generated by their combination 
is thus sufficient to drive up the temperature of the general 
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average, with the probable result of causing general combina- 
tion in the neighborhood if the general temperature is any- 
where near the ignition point. 

At best our knowledge of temperatures of gases is im- 
perfect, as these can only be determined by means of solids 
or liquids with which the gases are in contact, and as we have 
just seen, the parts of them in immediate contact with solids 
are probably much denser and much warmer than the general 
mass, both of which conditions are conducive to chemical 
combination; so that the probability is strong that the real 
temperature of initial combination is above that of the mass 
of gas in which combination occtus, merely on account of these 
surface phenomena, even if not on account of the diflference 
in velocities of migrating molecules. Again, the direction 
of motion of impinging molecules is probably an important 
factor, for two molecules striking head on with high opposed 
velocities would generate far more heat and reach a far more 
intimate contact than if moving in nearly parallel paths in 
the same general direction and with only slightly differing 
velocities, though possibly part of this difference might be 
offset by the greater duration of contact than in the case of 
molecules moving in opposite directions. 

From these considerations it would appear that the tem- 
perature of initial combination should be independent of the 
presence or absence of neutral molecules in the case of 
simple reactions, but this must not be confused with the 
temperature of propagation, which, of course, would be much 
higher with materials diluted by inert gases than with pure 
gases. Also we can see to how great an extent these tem- 
peratures would be affected by the nature of the containing 
vessel, or of whatever other solid might be present, as one 
might lead to far greater surface condensation of the nature 
of adsorption than would be the case with another. More- 
over, the presence of even small quantities of other gases, 
adsorption films of which might furnish auxiliary quantities 
of the constituents necessary for completing equilibr um, 
should play a very important part in aiding combination in 
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cases where otherwise it would be dilB&cult to account for the 
simultaneous presence of sufficient molecules to complete the 
reaction which takes place. Of course in some cases the pro- 
cess might be by several steps, but in other cases there would, 
seem to be normally otherwise no method by which even a 
first step could be accomplished. 

We are all familiar with one kind of segregation of this 
t)TJe, namely, the moisture which gathers on glass surfaces, 
and this has the advantage further of illustrating the 
selective power of both gases and solids, for it is especially 
aqueous vapor that is condensed by glass out of a mixture of 
gases, and especially glass which gathers moisture from the 
same atmosphere out of a mixture of solids. The difficulty 
of obtaining an accurate weighing of a dry glass beaker, owing 
to its adsorption of moisture, is familiar to every chemist, 
while a platinum crucible wrill remain much more nearly con- 
stant for the same surface exposed in a damp atmosphere. 

As a simple case let us consider the question of the com- 
bination of oxygen and carbon. By the simplest of all the 
hypotheses so far presented the carbon molecule must contain 
two atoms, and it is generally considered to contain a multiple 
of two. Each of these has a valence of 4, and accordingly 
combustion to CO2 calls for more than one molecule of oxygen 
unless part of the molecule of carbon is left in some other 
condition than that of a complete molecule. Two molecules 
of gaseous oxygen are not likely often to strike simultaneously 
on the same molecule of carbon. On the other hand, a liquid 
in contact with the carbon could furnish oxygen from several 
molecules at once, so that the presence of an adsorption film 
of any liquid from which carbon could take oxygen ought to 
facilitate the reaction. 

H. B. Dixon* has shown that pure charcoal ignites in 
oxygen with HjO present between 450° and 500° but that 
without H2O a higher temperature is needed, and that more 
CO was produced than with H2O present, and that there was 

^ Dixon and Coward: Jour. Chem. Soc., 95, 514 (1909). 
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a considerable residuum of oxygen even with long exposure 
to carbon at a red heat, and that the mass did not glow with- 
out water vapor present, probably indicating slow distribu- 
tion of the heat. 

He also found that perfectly dry CO2 was not reduced by 
charcoal at a red heat, though it went rapidly with a little 
water vapor present. It even seems probable that absolutely 
dry oxygen would not attack charcoal at a red heat. 

On the assumption either that the carbon molecule con- 
tains more than two atoms, or that CO2 is the primary product 
of combustion, we can see how greatly the reaction would be 
aided by the presence of adsorption films of aqueous vapor 
on the carbon. Water vapor is so enormously more con- 
densible than oxygen that it is not difficult to imagine that 
even traces of it might have a tendency to form adsorption 
films on the surface of the carbon of a system, maintaining 
constantly in contact a certain quantity of oxygen capable 
of being delivered up to aid in the formation of CO2 whenever 
a molecule of free oxygen should impinge on the molecule of 
carbon. We are perfectly familiar with the reaction by which 
superheated steam is decomposed by incandescent carbon, 
and this is just the condition which would obtain under the 
hypothesis just shown. Moreover the hydrogen set free by 
the decomposition of the aqueous vapor would thus form by 
itself a complete molecule in spite of its loss of oxygen, so 
that the system would remain in equilibrium. 

The ignition temperature of CO seems to be considerably 
above that of carbon, which therefore seems to argue that CO2 
is the primary product of normal combustion. 

One other instance of what may be the effect of an ad- 
sorption film I will present, namely, that of the glowing of an 
ember before the bellows, where before it was slowly dying. 
As surrounded by the atmosphere theoretically it was in con- 
tact with oxygen sufficient to keep up combustion, but fre- 
quently we see it slowly go out. The ordinary explanation 
of this phenomenon is that the atmosphere conducts off the 
heat faster than combustion supplies it, but why is it then 
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that a|}|>licaticm of the bellows causes it to glow? If the 
former explanation were alone sufficient, the case would not 
be improved, for as much more air would be brought into 
contact with the ember to carry off the heat as there would be 
additional to sustain combustion. Is not the true explana- 
tion rather that the action of the bellows breaks- up me- 
chanically an adsorption film of CO2 which before covered the 
surface of the ember and was gradually chilling the system 
by convection? 

Probably there is no such thing as conduction of heat by 
gases. These are essentially discontinuous and even 
heterogeneous as to temperatme, certain molecules probably 
being hotter and moving at higher velocities than others of 
the same general mass, so that the transference of heat by 
means of gas, commonly referred to as conduction, should be 
more properly considered as convection, by which a molecule, 
coming into momentary contact with a hot solid, more or less 
perfectly assimilates the temperature of that solid (depending 
somewhat on the rapidity of conductivity of the solid), and 
then on impinging on any other molecule more or less per- 
fectly equalizes its temperatme with that of the other mole- 
cule in question, so that heat is transferred by gases through 
constant interchange of the charge, but not by conduction 
proper, which would seem impossible in discontinuous systems 
such as the true gases all consist of. 

Will not the hypothesis here brought forward, of the 
auxiliary action of adsorption films account for many, if not 
all, of the phenomena which we now explain by the indefinite 
terms of catalytic action? 

Peace Dale, R. L, 

July 8, igij 



CHROMIC OXIDE JELLIES 

BY E. H. BUNCE AND L. S. FINCH 

When a solution of sodium silicate is acidified with hydro- 
chloric acid, the solution usually solidifies more or less rapidly 
to a jelly. When caustic soda is added to a solution of chromic, 
ferric, cupric ,or aluminum chloride we usually get a gelat- 
inous precipitate which does not form a jelly. On the other 
hand, it is possible to obain jellies of hydrous chromic, ferric, 
cupric, or aluminum oxides. At present there is no satis- 
factory theory to show why a gelatinous precipitate will form 
a jelly in one case and not in another. It is not entirely a 
question of high concentration, as von Weimam’ assumes, 
because Crum* claims to have obtained hydrous aluminum 
oxide in the form of a jelly when the solution contained one 
part of alumina in six hundred of water and one part of sul- 
phuric acid in seventy-five hundred of water. As a prelim- 
inary to a theory, it seemed desirable to obtain some data 
as to the conditions under which one gets jellies of hydrous 
inorganic oxides. We began with the chromic oxide jellies 
which had previously been studied by Reinitzer,® from whom 
we quote: 

“If a solution of chromic sulphate or chloride is mixed 
with an excess of sodium acetate and boiled, no deposit is 
formed even after hours of ebullition, however concentrated 
the solution, and however much sodium acetate is added. 
If the solution is boiled for a short time only, it takes a violet 
color on cooling. The solution of a chromic salt thus treated 
is found to have assumed decidedly new properties. Caustic 
alkalies, ammonia, ammonium sulphide and carbonate al- 
kaline carbonates, sodium phosphate, baryta water, and bar- 
ium carbonate, produce in the cold not the slightest turbidity, 
whether added in small quantities or in excess. Caustic 

* Zeit. Kolloidchemie, 5 , J22 <1909); 7, 157 (1910): 9, 25 (1911) 

* Jour. Chem. Soc., 6, 216 (1856). 

® Chem. News, 48, 1 14 (1883). 
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alkalies and baryta change the color of the solution, at first 
to an olive-green, and then to an emerald-green, and after 
standing for twelve hours the liquid congeals to a green jelly. 
On adding ammonia no immediate change of color occurs; 
after about 48 hours the liquid is converted to a violet jelly. 
Ammonium sulphide and carbonate act in the same manner 
after the lapse of several days. If the mixture is boiled after 
the addition of the above-mentioned reagents, a precipitate 
appears sooner or later according to the strength of the alka- 
line solution and the quantity added; sodium phosphate alone 
causes no deposit.” 

A very satisfactory jelly can be obtained in the following 
way: Dissolve one part of chromic sulphate or chloride 
in about twenty of water. Add approximately one gram 
sodium acetate per 20 cc solution ; boil for one minute and allow 
to cool. The solution is now violet in color. Add concen- 
trated caustic potash (i : 3) or soda until the solution is dis- 
tinctly alkaline. The solution turns green and sets in 10-20 
minutes to a stiff jelly. If ammonium hydroxide is added 
instead of sodium hydroxide, the solution becomes distinctly 
purple* and sets to a jelly inside of twelve hours. 

The effect of varying the concentration of the chromium 
salt was next tried, keeping all the other conditions as nearly 
the same as possible. Caustic potash was added until the 
solutions were just alkaline to litmus paper. The concen- 
trations varied from one of chromic sulphate in one thousand 
of water to one in less than nine of water. With solutions 
containing less chromic sulphate than one part in one hundred 
of water, no jelly was obtained but merely a viscous solution, 
the viscosity decreasing with decreasing concentration of 
the chromic salt. One part of chromic sulphate per hundred 
of water gave a soft but clear jelly; with fifty parts of water 
a firm jelly was obtained, and a very stiff jelly with thirty, 
twenty or nine parts of water. At higher concentrations 
the jelly is cloudy and less satisfactory. The concentration 

' Cf. Fischer and Herz: Zeit. anorg. Cfaem., 31, 357 (1902); Olie; 51, 
29 (1906). 
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of one to twenty gave the best jelly and the jelly formed most 
rapidly. This concentration was, therefore, used in the subse- 
quent experiments except when otherwise stated. 

The next variable to be studied was the concentration 
of the sodium acetate. The figures refer to grams of sodium 
acetate per 20 cc solution. With o.i gram sodium acetate 
a green gelatinous precipitate was obtained. With 0.2 gram 
there was some tendency to form a jelly, especially if the alkali 
was added carefully. With 0.5 gram, i gram, and 2.5 grams 
sodium acetate, good jellies were obtained. With three grams 
sodium acetate, crystallization took place, which spoiled 
the jellies. With solutions containing over one gram sodium 
acetate no precipitate is formed on adding caustic potash and 
a good jelly is obtained in about twenty-four hours. The 
sodium acetate apparently peptonizes the gelatinous precipi- 
tate and prevents its separation. A jelly is formed when the 
hydrous chromic oxide comes out slowly. 

The color of the jelly depends to a certain extent on the 
amount of alkali added. If the solution is made only just 
alkaline, a violet jelly is formed. With increasing alkalinity 
the color varies from a violet to a distinct olive-green. When 
ammonia is used, the jelly is always purple regardless of the 
amount of ammonia. It forms more slowly than when potas- 
sium hydroxide is added. 

If enough hydrochloric acid is added to the jelly to make 
the mass distinctly acid to litmus, the jelly dissolves, the rate 
of solution being increased by heating. If the solution is 
made alkaline again with NaOH, KOH or NH4OH, it jells 
on standing provided the amount of sodium acetate present 
is not too small. With low concentrations of sodium acetate 
a precipitate is formed on neutralizing the hydrochloric acid, 
solution. This can be prevented by adding more sodium 
acetate to the acid solution before adding the alkali. 

Some experiments were next made to determine the effect 
of various salts. Five solutions were made up containing one 
gram chromic chloride in 30 cc. water. To each was added 
3 grams sodium acetate and then 2, 3, 4, 5, 6 cc, respectively. 
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of a solution of one part of NaCl in three of water. All solu- 
tions wa-e heated to boiling, allowed to cod, and made alkaline 
with KOH (i ; i). All five solutions jelled on standing. 

Three solutions were made up containing 0.5 gram chrom- 
ium sulphate and 2.5 grams sodium acetate per 20 cc water. 
To these were added i, 3, and 10 cc KCl solution (i : 3). 
On treating as before a firm green jelly was obtained in each 
case. Four solutions were next made up containing 0.5 gram 
chromium sulphate in 20 cc water. Potassium chloride 
and sodium acetate were added as follows : 

A. 0.2 gram KCl 4 - 2 grams sodium acetate 

B. 2.0 grams KCl -f- 2 grams sodium acetate 

C. 1 .2 grams KCl, no sqdium acetate 

D. 1.2 grams NaCl, no sodium acetate 

With A and B firm green jellies were obtained. With C and 
D gelatinous precipitates were formed. This shows that 
neither sodium chloride nor potassium chloride prevents the 
formation of a jelly provided sufficient sodium acetate be pres- 
ent, and also that neither of them can replace the sodium 
acetate. When these jellies are allowed to stand in an open 
beaker, the potassium chloride eventually crystallizes and 
destroys the jelly, a coagulated mass forming at the bottom 
of the beaker with a layer of greenish tinted water above it. 

Sodium oxalate, potassium bitartrate, and ciric acid 
were tried as substitutes for sodium acetate ; but none of them 
made the solution set to a jelly even on long standing. For 
a long time the presence of acetate in the solution seemed to 
be essential to the formation of a jelly. Later work showed 
that potassium sulphate could apparently be made to work; 
and it is very probable that other salts may be effective when 
the proper conditions have been determined. 

Our earlier experiments seemed to show that the time 
of heating must be regulated carefully. A solution contain- 
ing 0.5 gram chromium sulphate and 2.5 grams sodium acetate 
per 20 cc water was acidified with hydrochloric add, heated 
just to boiling, cooled, and neutralized with alkali. A jelly 
was formed. A similar solution was boiled for fifteen minutes 
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and then treated as before. No jelly was formed. This 
seemed fairly conclusive experimentally, but there was no 
apparent theoretical justification for it. The only conceivable 
reason for heating together sodium acetate and chromic sul- 
phate is to accelerate the hydrolysis of the resultant chromic 
acetate into colloidal chromic hydroxide and acetic acid. 
If prolonged heating in itself destroys the tendency of the 
solution to jell when made neutral, it must mean that the 
hydrolysis must be stopped before equilibrium is reached, 
which did not seem probable. The other alternative was 
that prolonged heating was not detrimental except in so far 
as it volatilized the acetic acid. To test this point a solution 
was made up containing one gram chromic sulphate and one 
gram sodium acetate per 20 cc water. Three hundred cc of 
this solution was heated to boiling for eight hours, using a 
return condenser. The solution remained violet in color. 
When cooled and made alkaline, a stiff jelly was formed. In 
another experiment the amount of sodium acetate was cut 
down to 0.5 gram per 20 cc and the solution was boiled with 
a return condenser for eleven hours. On cooling and making 
alkaline a stiff jelly was obtained. We made a solution of 
one part chromic sulphate to twenty of water. To 20 cc por- 
tions were added amounts of sodium acetate varying from o.i 
to 3.0 grams. These were boiled in open beakers for varying 
lengths of time, keeping the volume practically constant by 
adding water from time to time. From the data thus obtained 
it was seen that solutions containing more than 1.5 grams 
sodium acetate could be heated for a long time and could 
still be made to give a good jelly. Solutions containing less 
than 0.5 gram sodium acetate gave a precipitate with alkali 
after being heated to boiling for several hours. All these re- 
sults are what one would expect if the driving off of the acetic 
acid prevents the solutions from setting subsequently. The 
acetic acid would nattu’ally pass off more quickly in the solu- 
tions acidified with hydrochloric acid. 

Since the object of heating is apparently to hydrolyze 
the chromic salt, the same effect should be obtained cold if 
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one took time enough. A solution of one gram chromic sul- 
phate and 1.5 grams so'dium acetate per 20 ccwas made up, 
neutralized with caustic potash and allowed to stand cold. 
In about two hours the solution turned violet and a firm jelly 
was formed after several hours more. A similar solution, 
to which alkali was not added, did not form a jelly on standing. 

The effect of freezing was next tried, using ice and salt 
as the freezing mixture and leaving the solutions in it for 
five hours. A jelly which had stood in a open beaker for seven 
days was frozen solid. When thawed a jelly was obtained 
which appeared to be more granular than the original one. 
The experiment was repeated with a jelly which had stood for 
five days. The result was the same as before. A jelly, which 
had stood only two days was frozen and thawed to an amor- 
phous mass which showed no tendency to form a jelly. When 
freshly formed jelly was frozen, layer ice formed on the 
surface. When thawed, this jelly gave an amorphous precipi- 
tate with supernatant liquid. When solutions were frozen 
before they had time to jell, they thawed to a liquid layer 
and an amorphous mass which showed no tendency to jell. 
After being frozen and thawed, the solutions do not form the 
film-like surface characteristic of the jellies. Any of the jellies 
which had been spoiled by freezing and thawing gave stiff 
jellies if the precipitates were dissolved in hydrochloric acid 
and the solutions then made alkaline. Freezing seems to dis- 
integrate a jelly unless it is an old one and has had time to set 
and even then it has a noticeable effect. Freezing apparently 
breaks up the structure of the jelly and separates the water 
from the jelly. On standing the water does nor recombine 
with the chromic oxide and consequently the solution does 
not jell. 

Currant jeUy can be disintegrated by picking at it with 
a fork. It, therefore, seemed desirable to test the effect of 
stirring. Solutions were divided into two portions, one being 
set aside as a check, while the other was stmed by means 
of a bent glass rod, the other end of which was inserted into 
the shaft of a small electric motor set vertically. After add- 
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ing KOH and before the solution had had time to set, the motor 
was started and the stirrhig continued for three hours The 
solution did not jell or even coagulate. The solution that was 
not stirred, set to a jelly. In the next experiment the solution 
was stirred for one hour. It did not turn to a jelly even on 
long standing; but it began to thicken and a sediment collected 
in the bottom of the beaker The check solution jelled. 
A third solution was stirred for twenty minutes. On standing, 
it coagulated and formed a sort of thick, viscotis paste which 
was not a jelly. The unstirred portion formed a jelly. 

We then tried stirring jellies which had just formed, stir- 
ring them anywhere from twenty minutes to three hours. 
On standing they all formed a thick, viscous ])aste of rather 
coarse structure Freezing has a more marked effect in break- 
ing u]) a jelly than does stirring. 

vSince acetate is important in producing a chromic oxide 
jelly it seemed to us that a chromic acetate solution should 
form a jelly on addition of ])otassium hydroxide. This proved 
to be the case. At this time* we were not able to obtain a 
jelly by adding potassium hydroxide to a solution of chromic 
sulphate, chloride, or nitrate From this we concluded that 
acetate was absolutely necessary to the formation of a jelly. 
This conclusion was upset very thoroughly when we found, 
just before the end of the college year, that a solution of chrome 
alum, KCr(vS(),)j.i 2 Hj( ) will form a jelly on addition of potas- 
sium hydroxide. A precipitate is formed which dissolves 
in more KOH, yielding a clear green solution which turns 
to a jelly after standing for several hours. In Table I a con- 
centration of 1:3 means one part chromic alum to three 
of water. The caustic 'f^otash solution (1:1) was added until 
the solution cleared. We did not make quantitative determina- 
tions of the amounts necessary, though that should be done 
some day. 

The same experiments were repeated with ammonia, 
instead of KOH. The solutions as far as i : 50 gave a line 
violet precipitate in the bottom of the beaker; the other con- 
centrations gave clear violet solutions which showed no 
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Table I — Chrome Alum and Potassium Hydroxide 


Cone. 


Character of deposit 


I 

3 

I 

6 

I 

9 

I 

12 

I 

i8 

1 

30 

I 

50 

I 

6o 

I 

lOO 

1 

200 

I 

300 

1 

4(KJ 

1 

8oo 


Thick, gelatinous precipitate 
Good jelly 
Good jelly 
Good jelly 

Good jelly ; little water on top 
Good jelly; little water on top 
Good jelly ; more water on top 
Good jelly ; more water on top 
Soft jelly at bottom; clear water on top 
Soft jelly at bottom; clear water on top 
Soft jelly at bottom; clear water on top 
Soft jelly at bottom; clear water on top 
Gelatinous precipitate at bottom; still slight tenclenc\' 
to form a jelly. 


tendency to jell and which did not get viscous. Adding a 
larger excess of ammonia had no good effect nor adding KOH 
to the amnioniacal solution. We were not able to get a jelly 
with ammonia in the solution. We did not have time to de- 
termine whether an ammonia chrome alum would jell with 
ammonia. The solutions of chrome alum containing KOH 
gave the typical green color while solutions containing am- 
monia had the characteristic violet color. 

We also tried adding .sodium acetate to the chrome alum 
solutions. A jelly was obtained on adding KOH but it was 
apparently no firmer nor was it formed any more quickly than 
without the sodium acetate. Even with sodium acetate it 
was not possible to get a jelly by adding ammonia. 

The time at our disposal did not permit us to test within 
what ratios of potassium sulphate to chromium sulphate it 
was possible to get a jelly on adding caustic potavSh, nor have 
we made any experiments to see whether these jellies behave 
as do the jellies made with acetate, when subjected to heating, 
freezing, acids, etc. We did try one experiment with a solu- 
tion of one part chromic sulphate in ten of water. On adding 
KOH a precipitate formed at first ; but this dissolved in an 
excess of caustic potash yielding a clear green solution. After 
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standing for several hours this solution began to get viscous; 
the next day it was very viscous. While the solution did not 
at any time set to a jelly, it showed a decided tendency to do 
so and we think that it may be possible to cause a chromic 
sulphate solution to form a jelly simply by adding caustic 
potash. 

The jellies containing acetate shrink on drying, eventually 
cracking into scjuares, which finally dry to a powder. At no 
time is there any formation of a supernatant liquid layer. 
The reverse experiment was also tried of pouring water over 
the jellies carefully so as not to break up the surface of the 
jelly. After standing several days the water shows a green 
or violet tinge depending on the color of the jelly. The 
violet jellies, made with ammonia or with small amounts of 
caustic potash seem to be more soluble than the green jellies. 
When the jellies are heated with water, the water becomes 
colored quite deeply green or violet as the case may be, and 
there is a sediment in the bottom of the beaker which does not 
dissolve even when heated for several hours. Under the con- 
ditions that we have tried, the chromic oxide jellies are, there- 
fore, not reversible in the sense that the gelatine jellies are. 

We tried adding sodium acetate and then alkali to solu- 
tions of salts of manganese, aluminum, copper and cadmium. 
In no case were we able to get a jelly. The acetate method 
is therefore not a general one. 

The general results of this paper are : 

1. If a sufficient amount of sodium acetate be added to 
a solution of chromic sulphate or chloride, the subsequent 
addition of a suitable amount of NaOH, KOH or ammonia 
will cause the solution to jell. 

2. The chromic oxide jelly is violet if made with ammonia 
or with a slight excess of potassium or sodium hydroxide. 
It is green if a considerable excess of potassium or sodium 
hydroxide be added. 

3. The concentrations of the chromic salt and of the so- 
dium acetate may vary within fairly wide limits without inter- 
fering with the formation of a good jelly. 
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4. It is not necessary to heat the solution after adding ' 
the acetate and before adding the alkali ; but doing so increases 
the rate of hydrolysis and, therefore, cuts down the time 
necessary to form a jelly. 

5. Prolonged heating of the solution has no effect on 
the subsequent formation of a jelly, unless acetic acid is driven 
off. 

6. The chromic oxide jelly dissolves in hydrochloric acid 
and is formed again when the solution is neutralized, provided 
enough acetate be present. 

7. When enough acetate is present, the concentration 
of sodium or potassium chloride seems to have no appreciable 
effect on the jelling of the solution, though it probably changes 
the limiting concentrations. 

8. vSodiuin oxalate, potassium bitartrate, and citric acid 
could not be substituted successfully for sodium acetate. 

9. Freezing solutions prevents the formation of jellies. 
If an old jelly be frozen, a coarser jelly is obtained after thaw- 
ing; but if a freshly formed jelly be frozen, thawing yields a 
gelatinous precipitate and a supernatant liquid layer. 

10. vStirring also prevents the formation of jellies. 

11. The jellies made with acetate dry without any ex- 
trusion of a liquid layer. 

12. When heated with water, the jellies break down to 
a gelatinous precipitate and supernatant liquid. 

13. A jelly, once formed, does not swell in water to any 
appreciable extent. 

14. The acetate method of obtaining jellies did not work 
with salts of manganese, aluminum, copper or cadmium. 

15. A jelly can be formed by the addition of potassium 
hydroxide to a chromic acetate solution. 

16. A jelly can be formed by adding potassium or sodium 
hydroxide to a chrome alum solution but not by adding am- 
monia. 

17. Adding sodium acetate to a chrome alum solution 
seems to have no effect one way or the other. It does not make 
possible the formation of a jelly on adding ammonia, 
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1 8. No experiments have been made to determine how 
far it is possible to vary the ratio of potassium sulphate to 
chromic sulphate or to see whether these sulphate jellies behave 
in other respects like the acetate jellies. 

19. No jellies were obtained by adding potassium hydrox- 
ide to solutions of chromic nitrate, chloride or sulphate. With 
chromic sulphate a very viscous solution was obtained on 
long standing and it seems possible that further study would 
show how to obtain a jelly with this salt. 

20. In the absence of any satisfactory theory of jellies, 
negative results hold only for the particular experiments 
tried. It is not safe to generalize from them. 

'I'his investigation was suggested by Professor Bancroft 
and has been carried on under his supervision. 

Cornell University 



THE ATOMIC WEIGHT OE CADMIUM BY THE IN- 
VESTIGATION OF CADMIUM CHLORIDE AND 
CADMIUM BROMIDE* 

BY ELTON L. QUINN AND GEORGE A. HULETT 

Among the large number of determinations of the atomic 
weight of cadmium made since the time of Stromeyer (i8i8)* 
we can find almost any value between 111.6 and 112.7.^ 
A close concordance between the early determinations is hardly 
to be expected, but among those more recently made and 
where a better agreement would naturally be looked for 
practically none is found. The present accepted value of 
1 12.4 is the mean of seven values all above 112.37 while an 
average of all the values as given by Clarke in his “ Constants 
of Nature” gives us the value of 112.32.-’ 

Our interest in the matter was awakened by the work 
of Perdue and Hulett,'* wherein a method was devised which 
makes it possible to determine cadmium electrol5rtically in 
such a manner as to avoid inclusions. This was accomplished 
by means of the mercury cathode, the usual method of pro- 
cedure being .so modified that inclusions were precluded and 
very exact results obtained. I'heir analyses of very carefully 
purified cadmium sulphate crystals gave a percentage of 
cadmium measurably smaller than that calculated when the 
accepted atomic weight of cadmium is employed. The atomic 
weight indicated was 112.30. 

In the work by Laird and Hulett,'* on inclusions in elec- 
trolytic deposits, a cadmium coulometer was devised in which 
it was possible to deposit the cadmium in mercury, in much 
the same manner as in the Perdue-Hulett method. This, 
run in series with a silver coulometer, gave 112.31 as the atomic 
weight of cadmium. 

* The work described in this article was made possible by a grant from 
the Elizabeth Thompson Science Kund, which placed at our disposal some of the 
special apparatus and materials needed for this investigation, and the authors 
take pleasure in acknowledging their indebtedne.ss to the Trustees of this Fund. 
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These two sets of results derived in such a different manner 
agreed so well that it seemed advisable to extend the investi- 
gation so as to include some determinations of cadmium in 
cadmium chloride and cadmium bromide. These salts have 
been much used in determining the atomic weight of cadmium ; 
indeed, the accepted value depends largely upon the analyses 
of these compounds. 

Since our results with these salts confirm those obtained 
by the methods mentioned above, it would seem that the real 
value for this constant is measurably below the accepted value 
of 1 1 2.4. 

Preparation and Purification of Materials 

('admium. The sulphate is probably the most easily 
purified salt of cadmium and for this reason it was used as 
the starting ]X)int of our research. By the method of re- 
crystallization it is possible to get cadmium sulphate in an 
exceptionally high state of purity, as it is not isomorphous 
with any known substance.^ 

Kahlbaum’s best cadmium sulphate was dissolved in 
distilled water and the licpiid diluted until a 10 percent solution 
was formed. By treating this solution with hydrogen sulphide 
so as to precipitate part of the cadmium as cadmium sulphide, 
digesting the whole on the water bath for twelve hours and 
filtering, we were able to obtain a solution practically free 
from other heavy metals present in the original salt. The 
filtrate was again treated with hydrogen sulphide and in a 
quantity sufficient to transform almost all of the cadmium into 
the sulphide. This was filtered off and, after very careful 
washing, dissolved in nitric acid which had been especially 
purified by distillation in a quartz distillation apparatus. 
After removing the free sulphur a calculated excess of sulphuric 
acid, purified by distillation in a vacuum, was added to the 
liquid, and the solution placed on the water bath where we 
permitted it to remain until all of the volatile acid had been 
expelled. The excess of sulphuric acid was next poured off, 
the CdS()4 heated to redness in a platinum evaporating * dish 
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covered with a watch glass, transferred to a large flask, covered 
with distilled water and placed in a stirring apparatus so ar- 
ranged that the flask could be rotated until a saturated solu- 
tion was formed. On account of the slow rate of solution this 
operation sometimes required twelve hours. The solution 
was finally filtered into a large crystallizing dish and placed 
in our constant temperature balance room. By proper manip- 
ulation the maximum amount of clear crystals could be ob- 
tained, the crystals forming by the spontaneous evaporation 
of the solvent. vSuch crystals were removed from the mother 
liquor with ivory forceps and dried in a centrifuge. ^I'he 
process was repeated three times. The resulting cadmium 
sulphate crystals were large, ‘‘water clear,” and beautifully 
formed. The cloudy crystals were dis.solved and the crystal- 
lization process repeated. 

Metallic cadmium was obtained from the pure cadmium 
sulphate by electrolysis. The apparatus in which the reduc- 
tion was carried out consisted of a beaker with a filter paper 
anode cup supported at the top by means of a cork ring. A 
glass tube also passed through this ring to the bottom of the 
beaker. Into the end of this tube a platinum wire had been 
sealed .so that only about one-half of a millimeter protruded 
to serve as a cathode. The anode was a piece of platinum 
foil about 2X3 cm which was placed inside the anode cup. 
During the electrolysis the anolyte was allowed to get but 
slightly acid. This was accomplished by an occasional addi- 
tion of cadmium carbonate which also served to keep the con- 
centration of cadmium sulphate nearly constant. The cad- 
mium formed under these conditions consisted of very fine 
crystals which sprouted from the cathode until the bottom 
of the beaker was completely covered. The current deOvSity 
was kept sufficiently low to permit of the formation of a very 
compact deposit of cadmium. 

The cadmium carbonate used in the above electrolysis 
was prepared in the following manner: Conductivity water 
nearly saturated with pure ammonia was treated with pure 
carbon dioxide in excess and with this reagent cadmium in 
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the form of CdCOa was precipitated from a solution of our 
purified cadmium sulphate. The cadmium carbonate was 
filtered off, wavShed, dried and kept in glass-stoppered bottles 
until used. 

After a sufficient amount of cadmium had been obtained, 
it was removed from the beaker, separated from the electrolyte 
and washed many times with distilled water. Whether the 
metal is deposited in a platinum dish or as above described, 
it is impossible to remove all of the electrolyte by simply wash- 
ing, as part of it is sure to be included in the crystals. To 
remove all of the inclusions and get the metal into a hard com- 
pact form, we melted the crystals under pure resublimed am- 
monium chloride. The ammonium chloride acts as a reducing 
agent and would tend to reduce any oxide or sulphate which 
might have been dissolved in the metallic cadmium. The 
ingot thus obtained was clean and bright and could be easily 
separated from the ammonium chloride which formed a crust 
on the surface. It was then w^ashed and placed in a hard 
glass tube so arranged that after the highe.st possible vacuum 
had been made over the molten cadmium, it could be distilled 
from one compartment into another. When most of the cad- 
mium had passed over, the molten distillate was run into a 
drawn-out end of the tube which was sealed up until used. 
The cadmium with which our determinations w^re made was 
distilled twice by this same process. 

Cadmium Chloride.- Part of our pure divStilled cadmium 
was cut into small pieces with a clean pair of steel shears, 
])laced under conductivity water in a Jena glass flask and pure 
hydrogen chloride gas run in from a generator which will 
be described later (Fig. i). After all the cadmium had dis- 
solved, the solution was transferred to a platinum evaporating 
dish, covered with a watch glass and evaporated to dryness 
on a water bath. The salt was dried as far as possible on the 
water bath, and then put into an oven and healed to about 
200° C for several hours. It was finally broken up, removed 
with a platinum spatula and preserved in a glass-stoppered 
bottle. 
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Method of Analysis . — The general method of melting cad- 
mium chloride under pure dry hydrogen chloride wavS the 
same as that used by Baxter and Hines” in their work on the 
atomic weight of cadmium in 1905. The hydrogen chloride 
was generated and used in the following apparatus: in the 
large two-liter flask (a) (Fig. i) was placed the purest grade 
of Baker’s hydrochloric acid. The hydrogen chloride was 
driven from this by heating the flask gently. The gas was 
dried by first passing it through the condenser placed in the 
Dewar tube (( ) and surrounded by the freezing mixture (h). 
The freezing mixture was made by mixing finely ground ice 



and ground crystallized calcium chloride. The temperature 
was kept at about — 20'^ C by this mixture and practically 
all of the water was removed. The gas then passed through 
the calcium chloride tube id) and from there into the fusion 
apparatus (/). This consisted of a large, hard, glass tube pro- 
vided with a very carefully ground glass stopper. The vStopper 
was similar to that of a Drexel wash bottle and the tube passing 
through was ground on to a vSmall quartz tube shown at (c) 
which conducted the hydrogen chloride over the cadmium 
chloride in the (piartz crucible (g). The excess of gas then 
passed out through the tube (k) which was connected with a 
suction pump, l^he small opening (y) allowed air to enter, 
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so the pressure in the apparatus was not reduced. To prevent 
the tube from breaking on cooling from a high to a low tempera- 
ture a wad of asbestos was placed at {i). The tube was heated 
in a platinum resistance furnace with a no volt alternating 
current. By means of an adjustable resistance the tempera- 
ture could be regulated very well. The connection between 
the fusion tube and the generator was always sealed before 
a fusion was made so that all joints were of glass or ground 
together. 

Crucible — Our first idea was to use a platinum vSmith 
crucible, but we soon found that platinum would not do, as 
the molten cadmium chloride at that high temperature dis- 
solves quite an a])i)reciable amount of this metal. Baxter 
and Hines'' in their work made corrections for the dissolved 
platinum. However, the large amount lost by our crucible 
at each heating made it necessary for us to look for some other 
material, 'fable I gives the loss in weight of the crucible 
during four heatings. 

Table 1 

Weight before heating Weight after Loss in weight 

Grams Grams (*ram 

1 24 82804 24 82888 o ck)oo6 

2 24 82888 24 825()2 0 CK)20(') 

4 24 82Sc>2 24 82431 0 (K)i6i 

4 24 82340 24 82340 O (K )()82 

From these figures we see that the total loss during four 
fUvSions was somewhat over 5 mg It seemed that platinum 
would be useless for this work, so we tried quartz. At first 
the special quartz crucible we used lost weight, and sometimes 
the loss was quite appreciable. The loss, however, did not 
take place when we washed the crucible carefully and took 
vSpecial care that our hands did not afterwards come in contact 
with its surface. Our crucible was a closed quartz tube about 
8 cm long, with a platinum cap very accurately ground on tin* 
top. A cross-section of the tube is shown at (^0 (Fig* i )• 

The next step was to find an exact and delicate test for 
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cadmium in an acid solution such as would result upon the 
evaporation of our electrolyte after electrolysis. Potassium 
ferrocyanide was first tried and, in a neutral solution, it worked 
very well. Cadmium may be detected by this means when 
the concentration is as small as 0.008 mg per cc. However, 
when this test was applied to our evaporated electrolyte it 
was found to be useless. The solution usually turned dark 
blue and sometimes gave a precipitate even when there was 
no cadmium present. This was proved by running several 
blank tests. It is possible that persulphuric acid (H^vS-iOg) 
was formed in the electrolyte, and this produced Prussian blue 
by its action on the ferrocyanide. We next made determina- 
tions by treating small, concentrations of cadmium sulphate 
with hydrogen sulphide gas. The tests were carried out in 
tubes of the Nessler form but holding, when filled, only about 
2 cc of solution. Blanks were run at the same time in similar 
tubes and under like conditions. We tried the following con« 
centrations : 

0.0843 ^d to I cc water 
o 042 mg Cd to I cc water 
o 02 1 mg Cd to I cc water 
o 0084 mg Cd to I cc water 

The cadmium in the first three could be detected at once, 
while the liquid in the fourth was slightly colored after stand- 
ing a day. Since the blank UvSed for comparison in the latter 
case was treated in the same manner, and allowed to stand 
the same length of time, the difference in color must have been 
due to cadmium sulphide and not to free sulphur. We evapo- 
rated all of our electrolytes to i cc, and tested each in this 
manner so there was little chance for any cadmium to escape 
deposition without being detected. 

All of our weighings were made in an especially designed 
balance room. The Borda method of substitution was used, 
and the readings of the pointer taken by means of telescope. 
The temperature of the room was always under control, being 
kept practically constant. The moisture content of the room 
was also under control. The air which entered the room was 
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forced through a large, upright cylinder of calcium chloride 
by means of an electric fan. In all our weighings the pressure, 
temperature and humidity were recorded, so at any time we 
could calculate the weight of i cc of air. The average weight 
was 1. 1 7 mg per cc and the variations from this were so slight 
as to be negligible. The object was always allowed to stand 
inside the balance room at least one hour before a weighing 
was attempted, and after placing the object on the ])alancc 
pan we always waited at least ten minutes for the temperature 
to become constant before the readings were taken. All 
of our weights were very carefully calibrated. 

The vacuum correction was calculated from the density 
of cadmium chloride, found by Baxter and Hines* to be 4.049. 
We found the correction to be +0.153 ciich gram of 

cadmium chloride weighed. The correction for the cadmium 
dissolved in mercury was taken from the work of Perdue 
and Hulett who found it to be 0.014 gram of 

cadmium dissolved in mercury.^ 

The problem of electrolyzing a chloride solution in a cruci- 
ble such as we proposed to use was a very difficult one to solve. 
The chlorine liberated at the anode acted on the mercury in 
such a manner that the electrolyte as well as the mercury was 
blackened. I'o prevent this we tried electrolysis in a vacuum, 
also inclosing our anode in a glass cup. As none of these 
methods were successful we undertook to change the chloride 
lo the sulphate before electrolysis. . This plan worked very 
satisfactorily. A solution of the cadmium chloride in water 
was tranvsferred to a platinum evaporating dish which was 
covered with two watch glasses. One was small enough to 
be placed in the dish with the concave surface down. A small 
hole was drilled through its center for the escape of vapors. 
The other was larger and placed over the evaporating dish 
with the concave surface up. Two holes were drilled through 
this glass, one on each side of the center. With these watch 
glasses over the solution it was impossible for any to escape 
by spattering. However, a free passage for the water vapor 
was provided for and the evaporation proceeded at a fair 
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rate. To the cadmium chloride was added a slight excess 
of the calculated amount of sulphuric acid and the whole 
evaporated to dryness on the water bath. It was then trans- 
ferred to a hot air oven and heated slowly to 220° C. After 
the sulphuric acid had fumed for some time it was cooled and 
transferred to the crucible for electrolysis. 

The electrolysis apparatus consisted of a specially designed 
platinum crucible of about 100 cc capacity. The diagram 
in Fig. 2 shows the arrangement of this crucible with the rest 



of the apparatus. Fitting in the crucible (a) is the carefully 
ground glass funnel (c), which served as a cover and allowed 
the anode {d) to pass through the stem. The crucible was 
amalgamated with mercury by heating a small amount in 
the bottom to its boiling point and allowing the vapor to 
condense on the sides up to about i cm from the top, so that 
by rotating the crucible on its side a continuous film of mercury 
would wet its sides and bottom. It was then placed in the 
small glass cup (c) and svirrounded with distilled water, the 
cup resting in a larger glass jar ( J), and the space between being 
filled with ice water. A split glass plate covered the top of 
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the jar so that nothing Init the funnel stem protruded. The 
electrical connections were made by means of a platinum wire 
through the glass jars to the crucible inside. All the mercury 
used in these determinations was distilled three times, and was 
exceptionally pure. After the crucible had been amalgamated, 
and before it was weighed, it was washed on the outside, 
first with dilute nitric acid and then with distilled water. 
Aft€Twards it was jfiaced in a desiccator and allowed to dry. 

The actual operation carried out during each determina- 
tion was as follows: A definite amount of cadmium chloride 
was placed in the quartz crucible (after it had been weighed) 
and the charged crucible introduced into the fusion ay^paratus. 
After this apparatus had been sealed to the hydrogen chloride 
generator it was heated in the furnace to about 600*^ C and 
at the same time a slow stream of dry hydrogen chloride w^as 
passed over the salt. When melted and still in the molten 
state, the inlet tube was sealed oflF above the apparatus, and 
the outlet tube sealed off below. The tube was then taken 
from the furnace and laid uy)on its side on an asbestos mat. 
This allowed the molten cadmium chloride to cool on the side 
of the crucible so that the solid mass was easily removed 
when desired. After it had cooled to the room temperature 
the tube w’^as cut open under a stream of y:)ure, dry air which 
at once filled the partial vacuum formed. With a stream of 
pure, dry air flowing over the toj3 of the tube the stoy)j3er was 
removed and the y)latinum cap quickly placed on the crucible 
by means of a glass rod. 'fhe crucible containing cadmium 
chloride, hydrogen chloride and dry air was then removed 
and as quickly as possible wij)ed and placed in a vacuum desic- 
cator which was evacuated to a pressure of about o.i mm 
After the desiccator had remained in the balance room for 
several hours, air was allowed to enter through a calcium chlo- 
ride tube and the weighing was made. The calcium chloride 
was then removed from the crucible and placed in a covered 
platinum dish. The crucible was well washed with water 
and set aside to be tested later for cadmium. To the cadmium 
chloride solution a slight excess of pure sulphuric acid was 
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added, the liquid evaporated and then heated to fuming. 
The cadmium sulphate formed in this way consisted of small, 
anhydrous crystals which were easily removed with a platinum 
spatula and placed in the fared crucible for electrolysis. The 
watch glasses as well as the quartz crucible were washed with 
a small amount of water and the washings added to the crucible. 
Finally they were washed with a large amount of water and 
this was evaporated to about i cc and the solution tested for 
cadmium. None was ever found, however, and during the 
last of our determinations the evaporated wash water was 
added to the electrolyte in the crucible. 

The .solution was then electrolyzed for about seven hours, 
starting the current at about 200 milliampcres and then 
bringing it up to about 500 which current strength was main- 
tained during the greater part of the run. Before the elec- 
trolyte was removed the current was run up to about one 
ampere for one-half hour. All this time the temperature of 
the crucible was never allowed to rise above room tempera- 
ture. After the run was completed the electrolyte was drawn 
out by means of a pipette while water was simultaneously 
run in. This was accomplished in such a way that the current 
was never interrupted or the mercury agitated. After the 
ammeter showed no current to be passing, the rest of the water 
was removed and the crucible transferred to a vacuum desic- 
cator which was evacuated with an air pump. In a \ery 
short time the crucible was ready to w(‘igh. 

The results we obtained are shown in ^'able II. 

The probable error for a single determination is =±=0.004 
percent, while the probable error for the mean is =±=0.001 
percent. 

The question of any error in the method or losses due 
to changing the chloride to sulphate was regarded as most 
important, and direct information was obtained on these 
points by the following experiments and blank determinations: 

The pure metallic cadmium was cut into small pieces 
and a definite amount weighed out. This was placed in a 
platinum evaporating dish and covered in the same manner 



crucible and it is probable that some was lost during the washing. 
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as our cadmium chloride. It was then treated with distilled 
hydrochloric add, evaporated to dryness, and, after dilution, 
the necessary amount of sulphuric add was added. After 
evaporating and heating the liquid in a manner similar to that 
employed in the case of our cadmium chloride, the sulphate 
was dissolved, the solution electrolyzed and the deposit weighed. 
As all of the operations were carried out as nearly as possible 
as they were with our chloride the error of all the manipula- 
tions would be ascertained. Our blank experiments are shown 
in Table III. 

Table III 


No. 

Weight before 
Grams Cd 

"1 

Gain in weight of 
the crucible i 

Grams Cd 1 

1 

Difference 

Gram 

I 

2-23578 

i 

2.23552 : 

— 0.00026 

2 * 

2.11198 

2. I 1225 

+0.00027 

3 j 

2 . 79347 

2.79331 ! 

— 0.00016 

A 1 

1 2.02396 

2.02379 

— 0.00017 

5 ’ 

1-55217 

1-55232 

+0.00015 


It appears from these experiments that we can start 
with a weighed piece of our pure cadmium, change it to the 
chloride, then to the sulphate, deposit it in mercury and get 
the weight of the original cadmium and all of the errors com- 
bined are not greater than one part in loooo for the probable 
error of a single determination. 

Cadmium Bromide 

Our next investigation was on the bromide of cadmium. 
This is abeautiful, white"salt?which, since it can be easily purified, 
is exceptionally well suited for atomic-weight determinations. 
The method for the determination of the cadmium in this 
salt was very similar to the one used in the case of the chloride ; 
modifications were made only when the nature of the salt made 
this necessary. 

Purification of Materials 

Cadmium . — The cadmium employed in all of these de- 
terminations was a sample of that used by us for the prepara- 
tion of the chloride, 
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Bromine. - The best grade of Kahlbaum’s bromine was 
purified in much the same manner as that described by Weber^ 
in his work on the atomic weight of bromine. It was distilled 
three times from solution of potassium bromide. The 
potassium bromide was made by treating pure potassium oxa- 
late with bromine and crystallizing the potassium bromide 
thus formed. After the distillation the bromine was cooled 
until most of it had crystallized. The mother liquor was 
rejected. The crystals were then allowed to melt somewhat 
and the liquid bromine poured off. I^he remaining crystals 
were melted again and the process repeated until bromine 
with a melting ])oint of -72*^ C w^as obtained. By this 
treatment Weber was able to purify the l)romine so that the 
prCvSence of chlorine or iodine could not be detected by any 
known reagents. This pure bromine was used in the prepara- 
tion of our cadmium bromide, as well as for the preparation 
of the hydrogen bromide under which the cadmium bromide 
was melted. 

Hydrogen. The hydrogen was prepared by the electrolysis 
of a solution of pure potaSvSium hydroxide from which the 
carbonates had been precipitated with barium hydroxide. 
After the generator had been started it was allowed to run for 
several days before we connected it with our hydrogen bromide 
apparatus. 

Prefyaraiion of i\idmutm Bromide. ’-Vor the preparation 
of this salt a portion of our purest metallic cadmium was 
cut into small pieces with a clean chisel. This was placed 
in a quartz evapotating dish and treated with our purified 
bromine under conductivity water slightly acidified with hydro- 
bromic acid. Our finst lot was treated under ordinary distilled 
water and the resulting cadmium bromide gave tests for or- 
ganic matter. This lot was discarded and the next lot was 
dissolved in our best conductivity water which showed no 
trace of organic matter whatever. The bromine was added 
to the cadmium in small portions until most of the metal had 
gone into solution. The solution was filtered through especially 
purified asbestos and evaporated almost to the saturation 
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point of the solution. The quartz dish with its contents was 
then placed in our constant temperature room and the salt 
allowed to crystallize by spontaneous evaporation of the liquid. 
It was possible to get A'^ery clear crystals, which we removed 
and dried in a platinum dish in a vacuum desiccator. The 
salt was preserved in glass-stoppered bottles until used. 

This salt like the chloride was fused in an atmosphere of 
the corresponding acid before the determination was made. 
Here we u.sed a mixture of nitrogen and hydrobromic acid gas, 
instead of the pure acid gas as we did in the case of the chloride. 
Fig. 3 gives an idea of the apparatus we used for this purpose. 



Pure hydrogen from our electrolytic generator was bubbled 
through the pure bromine (a) in the Drexel wash bottle. 
This was arranged as shown in the figure with a water bath 
around it so that a temperature of 6o° C could be maintained. 
The mixture of hydrogen and bromine vapor passed over the 
glowing platinum spiral (c), made by winding a platinum wire 
on a small porcelain tube. The ends were gold-soldered to 
heavy platinum leads, and these were sealed through the sides 
of the glass tube. Combination of the hydrogen and bromine 
took place at the point (c) and burned with a bright flame. 
The excess of bromine (we always kept an excess of bromine 
in the mixture) was condensed in (J) which was surrounded 
with ice. Only a trace of bromine remained in the gas after 
passing it through this cooling mixture. The gas was then 
dried by passing through the bottle (e) which contained pure 
calcium bromide. It was finally dried by passing through 
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the drying tube (/) which contained phosphorus pentoxide 
and which served as a mixing chamber for the nitrogen and 
hydrogen bromide. This gas mixture was conducted over 
the cadmium bromide by means of a glass tube sealed to the 
fusion apparatus at the point (h). The fusion apparatus is 
shown more in detail in Fig. I. The nitrogen which en- 
tered the apparatus at (i) was made by removing the oxygen 
from the air by a method devised by Hulett.^ It was stored 
in a large carboy and forced out under pressure by displace- 
ment with water. The preliminary drying was effected in 
the cadmium chloride tube (;). After passing over heated 
copper and copper oxide the gas was further dried with soda 
lime, and finally in the mixing chamber, by phosphorus pentox- 
ide. All connections were sealed and the stopcocks in cases 
where it was absolutely necessary contained but a very small 
amount of “Vacuum Hahnfett.” The fusion tube containing 
the cadmium bromide was always sealed to the apparatus 
at {h)f and, after the cadmium had melted, it was sealed off 
and the outlet to the tube also sealed. 

Treated in the same manner as the cadmium chloride, 
the tube was removed from the furnace and after cooling cut 
open and pure, dry air allowed to enter the partial vacuum 
produced by the cooling. The quartz crucible was then quickly 
covered with a platinum cap and after wiping placed in a va- 
cuum desiccator which was evacuated at once. After standing 
in the balance room for some time dry air was let into the desic- 
cator and the tube weighed. This operation was carried out 
in exactly the same manner as described under the chloride 
determinations. 

To change the bromide to the sulphate we transferred 
it to the platinum evaporating dish, covered it with a watch 
glass and treated it with a few drops of pure, distilled nitric 
acid. The bromine thus liberated was driven off with gentle 
heat and the operation repeated until all of the bromide had 
been changed to the nitrate. This solution was then evapcv 
rated on the water bath to dryness. A small amount of water 
was then added and the calculated amount of sulphuric acid 
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also added after the salt had gone into solution. This was 
evaporated to dryness and electrolyzed in the usual manner. 
All of the precautions against loss which we used with the chlo- 
ride were also used with this salt. As there might be some 
question about platinum being dissolved from the evaporating 
dish by the free bromine, the last three of our determinations 
were made in a Jena glass flask, provided with a ground glass 
stopper arranged with an outlet tube containing a series of 
bulbs to prevent loss by spattering. Th's was heated over 
a free flame and after all of the bromine had been driven off, 
the solution was transferred to the evaporating dish and treated 
with sulphuric acid as before. The results seem to indicate 
that no appreciable amount of platinum could have been dis- 
solved in the first case. 

Blank tests were made in a manner similar to that de- 
scribed under cadmium chloride. All of these results are 
shown in Table III. 

The results for the cadmium bromide determinations are 
shown in Table IV. 

The probable error for a single determination is =±=o.cx)3 
percent, while the probable error for the mean is =*=0.001 
percent. 

From our chloride results we get as an average 112.32 
for the atomic weight of cadmium and from the bromide an 
average of 112.26. The average of these two is 112.29, which 
is in excellent agreement with the results of Perdue and Hulett, 
and those obtained by Laird and Hulett. These results go 
to prove that the atomic weight of cadmium is nearer 112.3 
than the present accepted value 112.4. 

We attempted to get more evidence on the atomic weight 
of cadmium by making determinations on cadmium oxide but 
it seemed to be a d'fficult operation to prepare this substance 
in a high slate of purity. Our idea of burning pure cadmium 
vapor in carefully purified oxygen worked out very satisfac- 
torily, and we constructed an apparatus with which we were 
able to prepare large quantities of the oxide in a very short 
time, but the resulting oxide was found to contain a trace of 
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the peroxide. This was also noticed by Sidot,® who made 
cadmium oxide by burning cadmium in the air. As this im- 
purity was not easily removed we found it necessary to devise 
some other method for preparing the compound. 

Laboratory of Physical Chemistry , 

Princeton University, 

April, 1QJ3 
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A Dictionary of Applied Chemistry. .By Sir Edward Thorpe Vol IV 
23 X jy cm; pp. vii f yjy. iVew York: Longmans, Greemi'^ Co , 1013 True: 
$13 50 net . — This volume begins with oilstones and ends with scxlalite Among 
the interesting items are: oleo-resiiis ; opium, osmium; oxalic acid, oxydases, 
oxygen; ozone; paints, palladium; paper; paraffin; parchment, perfumes, petro- 
leum; phenol and its homologues; phosphorus; photography, pigments; pitch, 
plant-sprays; platinum; iiolarimetry ; potassium; pottery and porcelain, jirimu- 
line and its derivatives; proteins, ptomaines, pyrometry; pyrotechny, quart/, 
quercitron bark; quinoline, quinones; racemism, radio a.'tivity; radium; refrac 
tometer; resins; rcsinate lakes; rubber, rum, rust; salicylic acid, sandstone, 
saponification; .sewage, silicon, silk, silver; .smoke and .smoke prevention, soap 

The articles on paints and on pigments overlap more than is desirable anti 
could better have been conden.sed into one Under .silicon. Tone’s prticess has 
been tiverlooked and there is practically nothing on the commeicial uses of sili- 
con The article m photography is not what it should be and photochemistry 
is omitted entirely Barring these slqis there is little to be said in the way of 
cntiei.sm, though there might well have been an article on plastics in general 
The account of the origin of the .Stassfurt deposits is of excejitional interest, p 
340 * 

“ If wc compare the compo.sition of the Stassfurt deposits wdth the re.sults 
of the artificial evaporation of sea-water as carried out in 1849 by Usiglio, we 
find that there are .some differences, partly cau.sed by the long duration of the 
natural process and its yearly interruption, partly by the loss of mothc*r liquor 
The various salts were traiisfoimed iiiU> the minerals now present by a subst^- 
quent loss of water and by their niutual mtcr-actioii, and a regular .succession 
of those minerals was formed through long periods, cau.sed by the autumnal 
influx of fresh .sea-water One remarkable difference also is this* whilst in arti- 
ficial evaporation the calcium .sulphate is entirely precipit.ated at an early stage, 
it is formed at Stassfurt even in the strata consisting of mother-liquor salts 
Why the calcium .sulphate at Stassfurt is in the form of anhydrite, not m that of 
gypsum (CaS()4 -»HjO), as in the artificial cva])oration of sea-water, we under 
stand now from the observations of Hoppe-Seyler and Ro.se, according to whu'li 
the hydration water of gyp.suni is abstracted from it by contact with a neatly- 
saturated solution of sodium chloride, a condition which wa‘ must assume to have 
existed at Stas.sfurt. 

“It is quite evident that the Sla.ssfurt deposits have not been formed by the 
simple evaporation of a basin of normal sea-w'ater. which waiuld have been re 
quired to iiossess a depth of about 30 miles, and which would have jiroduced a 
very different arrangement of salts There must have been conditions similar 
to tho.se even now found jiresent in some of the Saimatian lakes Thus (»obel 
found at the bottom of Lake lUton a salt deposit of a thickness of 1/ fci t. con- 
sisting of icxji annual layers, wdiich increased in strength and haidness from the 
top downwards, and at the bottom were as hard as stone This lake is tilled 
with a saturated brine; by the surface-evaporation in summer, crusts of comnum 
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salt are formed, which sink to the bottom. Later on, the common salt gets 
mixed with Epsom Salt and other mother-liquor salts, which forms a porous, 
bitter, and deliquescent layer. The autumnal rains and floods partly dissolve 
and partly density this top layer, and at the same lime cover it with black mud, 
thus forming a distinct boundary line upon which the next year’s crusts are formed 
again. In spring the water of that lake contains 13 5 p. c. sodium chloride 
and 10 5 p. c. of magnesium chloride; in autumn it holds but a small quantity 
of liquor containing only 4 p c NaCl, with 20 p. c MgCla. 

“The nearest approach to the Stassfurt conditions is found in the Adji- 
Darja Bay, in the east of the Caspian Sea, a bay of a superficial area of 2000 or 
3000 sea miles, and almost entirely separated from the Caspian by a bar. There 
is, however, a small channel through which the water, abstracted by the intense 
evaporation within the bay, is replenished from the Caspian. This causes a 
continuous separation of .salt, which is estimated by Schleiden at about 400,000 
tons per diem, and the formation of a mother-liquor, part of which finds its way 
back into the Caspian. Where the depth of tlie bay is greater, the concentrated 
liquor sinks to the bottom, causing a state of sursaturation at this place and the 
deposition of mother-liquor salts. Without this, practically all the mother- 
liquor would flow back over the bar, and no mother-liquor salts would be formed; 
and this seems to have been the condition of most of the rock-salt, forming basins 
of former geological periods. In the case of the Stassfurt salts we must un- 
doubtedly assume an intermittent influx of water, and also a number of geological 
elevations and depressions of level in order to account for tlie succession of the 
various strata. We may, with very great probability, assume the following 
play of causes: the Stassfurt basin was a valley, inclo.sed by two longitudinal 
folds of the earth’s crust, communicating at one end with the ocean by a shallow 
bar, over which, in autumn, the gales and high tides carried large quantities of 
sea-water; not sufficient, however, to replace the water lost by evaporation. 
For a long period only gypsum was deposited here; afterwards common salt was 
formed as- well, which converted the gypsum into anhydr.te, but which for a 
long time was re-dissolved every autumn by the dilution of the liquor, caused by 
rain and floods. Thus the thick crust of gypsum and anhydrite was formed 
which lines the bottom of the basin Later on, the liquor became more and 
more concentrated, the crusts of common salt now became permanent, and the 
yearly deposits increased in thickness The sursaturation of the liquor at the bot- 
tom caused the transformation of the common salt into rock-salt (as first proved 
by Mohr) Just as we observe it now in the ‘salt gardens', on the Mediterranean, 
the last portions of the summer salt contained a little gypsum, but the greatest 
quantity of gypsum was precipitated when the strong brine came into contact 
with fresh sea-water breaking over the bar, thus forming a distinct line of separa- 
tion against the next year’s deposits in the shape of the ‘anhydrite strings.’ 
Since there was less and le.ss room in the basin for fresh sea-water, those strings 
decrea.sed in thickness during thi.s jjeriod, which must have lasted several thou- 
sands of years, during the later part of which the yearly deposits had an average 
thickness of 3 5 inches Owing to further concentration of the liquor the crusts 
of salt in the later part of summer were more and more mi.xed with Kpsom salt, 
which appears also with the gypsum precipitated soon after by the influx of 
fresh sea-water. In this period, which must have lasted 500 or 6(^0 years, poly- 
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halite, K2S04.MgS04 2CaS04 2H2O, was formed in the following way: some 
carnallite, KCl MgCla.fjHiO, formed m summer, was at that i eriod always de- 
composed in autumn by fresh sea-water, and the potassium chloride thus set free 
and coming into contact with the deposited Epsom salt was converted into potas- 
sium sulphate, which met with enough magnesium and calcium sulphate to form 
polyhalitc Exceptionally, indeed, carnallite is actually found in that region 
During the next period of 500 years, with mcTcasing concentration, some carnal- 
lite was regularly formed, but the principal deposit at that lime consisted of 
kieserite, MgS04.H20. It has been proved by Precht that from a concentrated 
solution of magnesium chloride, such as must have filled the hesm at that fienod, 
the magnesium sulphate is separated by evaporation, not m the state of Kpsom 
salts (MgS04.7H20), but in that of kieserite This compound being insolulilc. 
as well as the anhydrite, the formation of polyhalite vv. s not possible any more. 

“During the fourth and last period of 500 years, when there was less room 
for the influx of fresh sea-water, the formation of carnallite got the ujiper hand 
Pfeiffer has proved that that salt, and even hydrated magnesium chloride 
can be made to crystallize by spontaneous evaporation at the temperature of hot 
summer days in our present climuti’ The formation of carnallite must have been 
still abundant, and a deep layer of mother-liquor, in which magnesium chloride 
prevailed, must have been standing over the potash-bearing strata when new 
gedlogical changes caused the eruption of a mighty mass of clayey mud, charged 
with organic substances, which sank to the ground, forming a layer of salt clay, 
26 feet thick, which protected the underlying strata against a subsequent solu- 
tion of the salts previously deposited, even after the mother-liquor had run 
off. The loss of that liquor accounts for the difference between the average 
composition of the Stassfurt deposits and that of the sea-water Wherever 
such accidental iirotectioii was not afforded, the surface-water must have redis- 
solved the upper strata, which accounts for the general absence of mother-liquor 
salts in other localities “ 

As a sample of condensed information, the reviewer calls attention to the para- 
graph. [) 101 “The art of making parchment consists in certain manipula- 

tions necessaiy to prepare the skins of animals of such thinness, flexibility and 
firmness as may be recpiired for the different uses to which this substance is ap 
plied. Though the skins of all animals may be converted into writing ma- 
terials only those of the sheep or the she-goat are used for parchment, those of 
calves, kids, and still-born lambs fot vellum, those of the he-goat, she-goat, aiul 
wolves for drum-heads, and those of the ass for battledores “ 

Wilder J) Ban era f I 

Ausfiihrung qualitativer Analyse. By Wilhelm Biltz ly x im, pp 
iv -j- 128 Leipzig: Akademtsdie Verliiji>s^eseUsthaft — In the introduction the 
author says 

“There have been curious developments in the art of analysis People 
used to recognize the remarkable educational value of analysis to the youthful 
chemist, Later, people believed it wise to include in courses of analytical chemis- 
try many other things which also hail an educational value Con^'ccpieiitlv ex 
cellcnt books were written which were however better suited to introduce the 
student to chemistry than to teach him analysis. In this book an attempt will 
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be made to free the art of analysis from all the things which people have super- 
posed for pedagogic reasons, and to keep solely in mind the true aim of analysis, 
to determine the composition of a material in the surest, quickest and most 
accurate way.” 

The three divisions of the subject are: analysis by the dry way; analysis 
by the wet way; testing for acids The author lays special stress on blow-pipe 
tests because other authors have considered ‘'qualitative analysis to mean work- 
ing with aqueous solutions, because the theory of electrolytic dissociation is di- 
rectly applicable to these, whiU‘ analysis by the dry way has been rather forgotten 
owing to a lack of an interesting theory.” 

Towards the end of the book, p 126, the author says that it is repugnant 
to one’s sense of fitness 

1. To use a gram of substance and to spend two days when one could have 
obtained the same results with one- tenth the substance and one-quarter the time. 

2. To use hydrogen sulphide gas involving an incomplete, tedious, and 
troublesome operation when one can get the same results more conipletelv, 
more comfortably, and more quickly liy using hydrogen sulfihide solution. 

3 To set iq) a dislilling flask and a reflu\ condenser when one can do better 
with a few test-tubes 

4. To take the trouble to separate iron and manganese by carrying out 
superficially the (luantitative sodium acetate method when it is suificit*iit to show 
the presence of the two by two color reactions 

5 To complicate the course of analysis hoiielessly by introducing methods 
for rare elements instead of identifying them by means of the blow-pipe and re- 
moving them. 

6. To woik with a platinum crucible and a blast lamp when one can do as 
well with a platinum wire and a blow^-pipe flame. 

7. To begin an analysis before one has got together one’s apparatus in proper 
shape. 

8 To give a student a mixture of orthoclasix potassium siil])hocyanate, 
and ben/oie acid as an unknown Such a mi.xture does not oecur in nature and 
illustrates nothing The object ol analysis is to teat'll the student the art of 
investigation It is very seldtmi iieeessary tf) analyze the rums of a drug store 
which has been wieeked by an explosion IViUler D Biiucrofl 

Die elektrischen Eigenschaften und die Bedeutung des Selens fiir die Elek- 
tiotechnik. /iy Chr. Ruw Jtid Kd 25 X 17 im, pp. jHy Berlin: Adminis- 
tration der JuK hzeiischnjl ** Der Me( hantker,” iQKh Brice: 5 marks. — The 
author .seems to consider that selenium occurs chiefly as a by-product in the 
manufacture of sulphuric acid by the chamber process The reviewer has no 
figures with which to refute this, hut he is .strongly of the opinion that if there 
were any real market for selenium, we should get our selenium as a by-product 
from electrolytic copper refining The author has written an admirable mono- 
graph on the properties and u.ses of selenium. He considers the abnormal light 
sensitiveness of some selenium cells as due to moistiiie There has been a dis- 
pute whether selenium i'^ hvgroscojiic or not The author settles it in the sim- 
plest po.ssible way by slating, p 54, that selenium may be either, depemling on 
the method of preparation 
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There* seems to l)e u diirieulty in regard to the action of light of dilTereiit 
wave lengths. On p 57 the author states that red and Idnc light act in the same 
way on the cells regardless whether these latter are in the normal or the abnor- 
mal state This seems very imiirobable and ITund is (jiioted, p S4, as fuKling 
a distinct maximum of sensitiveness m the red at about 

The author pictures to himself the changes in illuminated selenium some- 
what as follows, p. 125 

“The action of light on the conductivity of selenium is a resonance ])henoni 
eiion Light of definite wave lengths starts up those electrons, whose oscillation 
period is the same as that of the exciting light, and makes them vibrate The 
resonance motions due to the absorjition of light act only as discharging agents 
for vibrations which already exist within the atom. The changes m the con 
ductivity of .selenium an* caused bv the visible (blue, violet) ravs of light, these 
oscillations being much slower, as everybodv know’s, than those of ultra-violet 
light Therefore the electrons set free- from selenium by the visible light have 
a relatively low initial velocity and conserpiently cannot leave the substance, 
but pile iij) instead on the illuminated surface of the selenium According to the 
modern views of the conductanct of metals, the passage of a current is accom 
pained by the motion of electrons along the conductor Since light incuMst's 
tlu niimliiT of elections available lor canving the current, it increases the c(M 1- 
ductance of the illuminated surface The existence of different forms of selemuin 
in each cell accounts foi the cell tesponding to such a range of the spectrum 
As the light })enetrales further into the selenium, it sets free electrons from the 
deeper layers, and the freedom of motion of the electrons increases with increasing 
thickness of the conducting l.iyir ” 

The chief commercial uses of metallic stdeninm are. w*orking lelays to sound 
signals, to put out light.s, or to sort coffee beans, p 144, telephoning by means 
of light, for electrical transfer of jnetures as a coherer m wireless t(*legr.i|)hy 

Wilder D Hauirofl 

Studies in Valency. By t II Lonji^ ji X 14 (w, pf> v -f 77 Lau- 
don: Simpkin, Marshall, Ilamilion, KiUl and Co, JQIJ. Pruc: j .\/////.o/gs, 
.sixpence- In the prelace the authoi sa>s 

‘‘The object of this little liook is to bring to the notice of those interesied 
in chemistry certain relations among the combining jiowers of the elements, in 
order that a conceiition of chemical iihenoinetia may be obtained (imte ajiart 
from that gained by laboratory iiractice. It is important, in the authoi ’s o])inioii. 
that numerical relations should be studied independently, so that luw' lines of 
experiment may be suggested It is necessary to extend or refute theories bv 
research At the same time, it is impoitant to know the theoretical views <id- 
v'anced by those who are special i/ing in anv' one direction.” 

The follow’ing quotation, p ti, i^ not an unlair one “Considei, then,, 
for purposes of argument, or as a A//ggc.s/nr hypothesis, the inactive gases as a 
sjiecial case of free ions, having by theoretical analysis the charactei istics of a 
.salt ill solution, but with this difference, that the\' are endowed with enomionslv 
gri'ater internal charges of electricity This idea lends itself to a foini of direct 
proof, since the atomic weights of the higher members of the inactive gioup 
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may be represAited by the combination of a base- forming element or component 
with an acid-forming element or component, plus an intermediary factor that 
is either 7,5 or some multiple of this value 

Retracing this argument, it will be seen that, in the case of electrolytes, 
the ions may not always be physically separated from each other in the bulk 
of the electrolyte; or, rather, if there were more atomic electricity present, the 
dissociation would not take place. 

. ** Whence comes this vastly greater quantity of electricity in the assumed 
case of the inactive gases? The only answer the table affords is that the value 
7.5 is atomic electricity itself, existing in a highly polymerized or molecular 
state, granting the atomic theory of electricity that has been proved by means 
of many independent researches. The evidence, however, is not scientifically 
sufikient, but it tallies in general character with Ramsay's Theory of Chemical 
Action, in which NaCl would be rejiresented as NaECl, K being a unit or bond 
of electricity. In the present case the mathematical formula, for example, 
becomes Ca + wK + Cl = Kr.” Wilder D. Bancroft 

Metallic Alloys. By 6\ 77. Gulliver. Second edition. 20 X ^4 cm; pp. 
V 4- 409, Philadelphia: J. B. Lippincott Company, IQ13. Price: $3.23 — The 
second edition of this book is a very great improvement over the old edition. 
It is very much larger, contains a large lot of new material, and has l)een brought 
as nearly up-to-date as textbooks to-day. The book contains a description of 
the preparation and methods of studying specimens of alloys, the general dis- 
cussion of alloys themselves, showing types of curves obtained in alloy work, 
and then a specific study of alloys themselves The treatment is in the order 
of binary and ternary alloys, treating first alloys where no compounds are formed, 
and alloys where definite chemical compounds exist. The treatment is in the 
order of the solul>ility of one component in the other. The book is designed to 
give students in metallography and engineering an idea of the minute structure 
of alloys. Physical changes in the solid state during annealing, etc., are treated 
in a general way. The application of the Pha.se Rule to metallography is also 
treated with such important fihenomcna as different rates of cooling during 
casting will give rise to. Chapters are given on bronzes and brasses and on the 
steels, with considerable discussion of the special steels. An interesting chapter 
is given on the ii.se of the microscope iri^ engineering practice in which a number 
of interesting instances, where the causes of accidents have been determined by 
the use of a microscope, show that a single microscopic examination can, in a 
number of cases, locate the trouble, without a large amount of chemical analysis, 
which in many cases would even be insufficient to determine the source of the 
trouble. The later developments in alloy work are given brief mention at least 
in this book. It is not meant to be a practical handbook, but rather a text- 
book than otherwise It is profusely illustrated by a number of photomicro- 
graphs, the book (containing in all 310 illustrations. References to tlie original 
literature are given at the ends of the chapters. The book is printed on good 
patier and is a welcome addition to the literature of metallography. 

The references would be more easily followed if they^ were included at the 
foot of each page rather than at the ends of the chapters. The inaccuracies in 
the book are very few indeed. C. W, Bennett 
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Chemical Theory and Calculations. By F J WtLnn and I M Ileilbron 
W X 13 cm; pp, 126. AVtt' York: D. Van Nostrand Co , i(ji2 Price: $i 00 — 
This little book ''contains elements of chemical theory distinct from descriptive 
chemistry.” The material is arranged with some description and problems 
at the ends of the chapters, so that the student can work out the problems for 
himself. The arrangement of the material is logical and the calculations an* 
practical. The VxKjk contains chapters on the Metric System, Density Measure- 
ments, Thermometry, Gas Laws, Solubility, Atomic Weights, Valency, The 
Periodic Law, Law of Mass Action. Vapor Density, Osmotic Pressure, Dissocia- 
tion, Thermochemistry, etc 

The book may be found to be of practical value in a recitation course in 
Physical Chemistry. C IV Bennett 

A Text*Book of Inorganic Chemistry. By A F. Holleman Translated 
by II. C. Cooper Fourth Enfi^lish Edition. 15 X 23 im; pp viti -f 505 New 
York: John Wiley and Sons, 1912. Price: $2 50 - The previous English edition 
was reviewed at some length (13, 734) It will therefore suffice to call attention 
to the appearance of this one In the preface the translator says “Very 
many of the descriiitive portions have been rewTitten, notably those in the sul- 
phur oxides and acids, sodium hydroxide and carbonate, radioactive elements, 
and platinum, as well as tlie sections on thermo-chemistry, colloids, and the 
iron-carbon system, while the subjects of stability and the reality of molecules 
and atoms furnish new material ” Wilder D Bam raft 

General Index to the Chemical News. 20 X 26 cm; pp /12 London: 
The Chemical News, IQ13 Price: 2 pounds The publishers hav(‘ issued a 
name and subject index to the first hundred volumes of the Chemical News 
There is lU) question but that such an index is a great help to the student The 
general plan is as follows lender the names of the authors “all contributions 
they have made to the Chemical News are enumerated, as well as any personal 
notes and reviews of their publications, or abstracts of their paix^rs, which inn\ 
have appeared in its pages. When an author has published work in collabora- 
tion with another, as well as 111 his own name only, it is given under separate 
headings Again, a large subject such as ‘Acid’ is subdivided as far as possible 
The individual acids are given separately, as well as the w'ord ust'd in its general 
sense, while ‘Acids’ also constitutes another heading. ‘Alcohol’ and ‘Alcohols.’ 
‘Water’ and ‘Waters,’ and metals and their salts are similarly treated A c ini 
plete list of Book Reviews and Notices is given under ‘Book’ and every notice 
also appears under the name of the author of the book In indexing article.s 
and papers the spelling and nomenclature originally used by the authors are ex- 
actly followed; hence, ‘sumac’ and ‘ sumach’ will be found and ‘radicle’ and 
‘radical.’ [This seems a mistake ] Where cross references have been thought 
to be necessary they have been inserted, and every effort has been made to en- 
able readers of the Chemical News to look up quickly and easily any subjects 
which Have appeared in its jiages, however fragmentary and incomplete their 
knowledge or recollections of them may be,” Wilder I), Bancroft 
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Tables annuelles intemationales de constantes et donndes numeriques. 

Edited by Ch Marie. Vol. II. 23 X 28 cm; pp. v + 758. Paris: Gauthier- 
Villars, jgij. — Th^ second volume of the Annual Tables is fully as valuable 
as the first one and perhaps more so There seems to be less space wasted. There 
will always be a question as to what should or should not be included. The 
chemist will probably feel that a g<K)d deal of space is given to spectroscopic 
data, especially since these are readily availalile in the same form. On the other 
hand, it may be that the physicists wish these data It is a serious problem for 
the editor to decide whether or where he shall draw the line, and yet the financial 
side must be kept in mind. For the present the expenses are defrayed more or 
less completely by contributions; but it is eminently desirable that the Tables 
should eventually become self-supporting In order to do this, the editor must 
either supply what the scientific public wants or must train the scientific public 
up to wanting what the editor furnishes. Wilder D. Bancroft 

Annalen der Natur- und Kulturphilosophie. Edited by Wilhelm Ostwald 
and Rudolf Goldschetd Leipzig: Verlag Unesma, IQ13. Price: 14 marks per 
volume — Eight volumes of the Annalen der Natur philosophie have apjHiared 
and it has now been decided to broaden the scope of the journal. The twelfth 
volume appears therefore under the new title, Annalen der Natur- und Kultur- 
philosophie with Rudolf Goldscheid as associate editor and a change of pub- 
lisher Wilder I). Bancroft 

Chemical Arithmetic and Calculation of Furnace Charges. By Regis 
Chauvenet 16 X 23 cm; pp vk -h 302. Philadelphia: J. B. Lippincott Com- 
pany, IQ12. Price: $4 00 — The book comprises an elementary treatise on chem- 
ical calculations, examples being given in the following subjects: Metric Sys- 
tem; thermometer conversions; quantitative calculations of chemical equations; 
calculation of formulae; atomic and molecular weights; calculations in freezing 
point, boiling jioint, and vapor density; determinations of molecular weights; 
gas laws, specific gravity; assaying; volumetric analysis; and the calculation of 
furnace charges in metallurgy. Numerous tables are given in which chemical 
factors, percentage composition of substances, molecular weights, specific gravi- 
ties, and melting points are contained. The author, on page 6 , states the situa- 
tion as regards chemical arithmetic very clearly. 

“Many of the explanations in the text will strike the expert as puerile. 
They are meant to be. Nothing more astonishes the writer than the inability 
of many technical men to attack the simplest problems. Graduates in chemistry, 
with mathematics eiKjugh to compute bridge strains, turn pale at the idea of 
'tackling’ an elementary ca.se of stoichiometry. 'Please assume, to begin with, 
that I have forgotten all that, if I ever knew it,’ would he a fair average estimate 
of their altitude. Excepting, then, the already excepted ‘ fundamenta, ’ all else 
is explained where there seemed to be the slightest chance for misapprehension.” 

This, it is believed, is not on account of the fact that chemical arithmetic 
is hard, but because the chemist does not always think as he should. The book 
may therefore bi- taken as an attempt to aid the man who does not have the 
gift of a vStoichiometrical mind 

In the second part of the bonk the calculation of furnace charges in metal- 
lurgy is taken up, in which the author explains fully the methods of calculating 



Errata 


807 


a charge for an ore of definite composition given fluxes of definite composition, 
to furnish a product, slag, etc , of definite composition The author hopes that 
the exact calculation will soon replace the old method of “a lot of ore, a lot of 
coke, and alKmt a quarter of a lot of limestone." 

The book is ])rinted in an attractive manner on good paper, and is nicely 
bound. C W Bennett 


ERRATA 

The following corrections should be made in the paper entitled “ The In- 
ternal Pressures of Liquids" by A P Mathews, Jour Phys Chem , 17, 603 (1913). 
p. 6in of the 12th line should be Vj 

p. 615 Table 4. tmiit 2 287 for propyl acetate; add 2 26 (at i99°-236®) for 
alcohol. Column 4 

|) 6i6 Formula i6 should bo- a = .iCN'''nMV/S. 

p. 616 Formula 17 should be a = ,?CN'^’IVV^/R ergs 

]). 616 Line 23, the comma after P'otvos should be a period 
p 617 Formula* N* - K^R I\ should be 

r, = K,R 3Pc 

p. 621 Formula 32, 7 should be X 

p. 624 Column 6 in formula for “a", the ex])onent ’ .1 after (T, " T) has 

shpiied down 

p 628 Line 10 In place of T, — T)‘/® read (Tt-/(Tr — T))*'^^ 
p 628. Formula 'should be = R(r/, - (/,)T/'^(T. ~T)'^®MP,. 

p 628. Formula 36 should have di in place of d, 
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Anderson, Bmest and H. 

A. Noyes A simple, inexpensive calorimeter for determining 

the heat of solution and of neutralization, . 249 

Bacon, Nathaniel T. On the mechanical processes of combination, . 762 

Baker, R. E. vSee Frary, Mitchell and Baker, . . 33 

Bancroft, Wilder D. The photographic plate, IX, . . .93 

Bancroft, Wilder D The theory of emulsification, V, . . 501 

Bancroft, Wilder D. The electrochemistry of light, X, . . 596 

Barmeier, F. K. See Mathews and Barmeier, . . . 682 

Bennett, C. W. and H. 

N. Gilbert Some tests of the Edison storage battery, . 322 

Bennett, C. W. and C. 

O. Brown Concentration changes in the electrolysis of cop- 

per sulphate solutions, . . *373 

Bennett, C. W. and C. 

O. Brown Rapid refining of copper with a rotating cathode, 685 

Beutner, Richard New electric properties of a semipermeablc mem- 
brane of copper ferrocyanide, . . 344 

Briggs, T. Roland The electrochemical production of colloidal cop- 
per, ..... 281 

Brown, C. O. Sec Bennett and Brown, . . 373, 685 

Bunce, E. H. and L, S. 

Finch Chromic oxide jellies, .... 769 

Davison, A. W. Kxi)eriments in dyeing. . . . 737 

Dewey, L. H. See Mathews and Dewey, . , 217, 230 

Doyle, Henry L. Colloidal suspension of graphite, . . 390 

Farnau, E. F. luminescence, .... 637 

Finch, L. S. See Bunce and Finch, . . . , 769 

Fr^nkforter, George B. 

and Francis C. Frary Equilibria in systems containing alcohol, salts 
and water, including a new method of alco- 
hol analysis, .... 402 

Frary, Francis C., Ralph 
W.' Mitchell and Rus- 
sell E. Baker The direct production of positives in the camera 

by means of thiourea and its compounds, . 33 

Frary, F. C. See Frankforter and Frary, . 402 

Garver, M. M. On the molecular constitution of the free surfaces 

of liquids, ..... 386 

Gilbert, H. N. See Bennett and Gilbert, . . . 322 

Gordon, M. A. The silver equivalent of hydroquinone, . , 47 

Hulett, G. A. See Quinn and Hulett, . . 779 

Hulctt, G. A. See Taylor and Hulett, 565, 755 

Ives, Herbert E. Recent advances in our knowledge of cold light, , 26 
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Ives, Herbert E. The present condition of color photography, 41 

Leighton, Alan The photosensitiveness of Fehling’s solution, 205 

Leighton, Alan Kffect of light on decomposition voltage, 695 

Leighton, Alan See Perley and Leighton, 235 

Lloyd, Stewart J. Conductivity maxima in glycerine, .264 

Lloyd, Stewart J. Klectrical conductivity of solutions of molybde- 
num pentachloride, . 592 

Lohr, J. M. The tensile strengths of the copper-zinc alloys, i 

Lohr, J. M. Color photography of luminescence, . • ^75 

Mathews, Albert P. A method of determining "‘a” of van dcr Waals’ 

equation. . . 154 

Mathews, Albert P. The relation of the value "a'" of van der Waals’ 

equation to the molecular weight and the 
number of valences of the molecule, . 181 

Mathews, Albert P. I'lie valence of chlorine as determined from the 

molecular cohesion of chlorine compounds, . 252 

Matliews, Albert I* A note on the structure of acetylene, . 320 

Math<‘ws, Albert 1 \ ’J’he valence of oxygen, sulphur, nitrogen, and 

phosphorus determined from the molecular 
cohesion, . . -331 

Mathews, Albert P. The valence of the argon group as determined 

from the molecular cohesion, . , 337 

Mathews, Albert P. The sigmlicance of the relationship between 

molecular cohesion and the product of the 
molecular weight and the number of va- 
lences, . . . . .481 

Mathews, Albert P. Do molecules attract cohesively inversely as the 

square of the distance? . - 520 

Mathews, Albert I*. The internal pressures of liquids, . . 603 

Mathews, J Howard and 

Leon H. Dewey A quantitative study of some photochemical ef- 
fects produced by ultraviolet light, . 21 1 

Mathews, J. Howard and 

Leon H. Dewey The jiroduction of photochemically active rays 

m ordinary chemical reactions, . .230 

Mathews, J. Howard and 

Floyd K. Barmeier The lole played by the carbonate in photographic 

development, . . .682 

Mitchell, R. W. See Frary, Mitchell and Baker, 33 

Newman, F. R. Action of calcium chloride on roads, 703 

Noyes, H. A. See Anderson and Noyes, . 249 

Osborne, J. L. The filtration of barium sulphate, 629 

Parker, Edward G. Studies on cellulose, . .219 

Perley, G. A. amd Alan 

Leighton Preliminary studies on direct photographic posi- 
tives, ..... 235 

Piiigree, L. N. See Young and Pingree, • ^57 
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Quinn, Elton L. and 

George A. Hulctt The atomic weight of cadmium by the investiga- 


tion of cadmium chloride and cadmium bro- 
mide* 770 

Shaw, Leon I. Studies of the electrical conductance of non-aque- 

ous solutions, . i6j 

Taylor, Guy B. and 

George A. Hulett The dissociation of mercuric oxide, . 565 

Taylor, Guy B. and 

George A. Hulett Mercuric oxide, . 755 

Tyrer, D. Some new relations between the physical proper- 
ties of liquids, . 717 

Weiser, H. B. Indirect analysis of a ferric oxide gel, 

Wilber, D T. Anliydrous sodium sulphate and water. 556 

Young, S. W.. and L. N. 

Pingree, The effect of light on the electrical charge of sus- 
pended particles, . . . 657 
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Allyn, Lewis B. Klementary Applied Chemistry, 370 

Allmand, A. J. The Principles of Applied Klcctrocheinisiry, 477 

Baly, K. C. C, Spectroscopy, . 88 

Barclay, W K and C. 

H. Hainsworth lUectroplating, 713 

Benrath, Alfred Lehrbiich dcr Photochemic, 561 

Biltz, Wilhelm Ausfuhrung qualitativer Analyse, 801 

Bragg, W. H. Studies in Radioactivity, 83 

Brunswig, H. Kxplosives, . <277 

Burgess, G. K., and H. 

Le Chatelier The Measurement of High Temperatures, 1 77 

Cady, Hamilton P. Inorganic Chemistry, 369 

Cassuto, Leonardo Der kolloide Zustand dcr Materie, 713 

Castell-Evans, John Physico-chemical Tables, Vol. II, 635 

Chauvenet, Regis Chemical Arithmetic and Calculation, 8(>() 

Chemical News, (icncral 

Index to 805 

Danneel, Heinrich and 

Julius Meyer, Jahrbuch der Klektrochemie, Vol. XIII, 564 

Dreaper, W. P Notes on Chemical Research, 562 

DufT, A Wilmer A Text-book on Physics. 180 

Ekeley, John B A Laboratory Manual ol Inorganic Chemistry, . 180 

Findlay, Alexander Osmotic Pressure, Sb3 

Foerster, F Beitrage zur Keuntniss des elektrochemischen 

Verhaltens des Kisens. 635 

Gooch, Frank Austin Methods of Analysis, • 632 

Gulliver, G H Metallic Alloys. 804 

Hatschek, Kmil An Introduction to the Physics end Chemistry 

of Colloids, 7 > 1 

Havard, F T Refractories and Furnaces, 365 

Henderson. Lawrence J The Fitness of the Environment, 707 

Hinrichsen, F W. Das Materialprufungswescn, ^70 

van’t Hoff, J H. Untersuchungen uber die Bildungsverhaltnisse 

dcr ozcanischcn Salzablagerungen, 279 

Holleman, A F. A Text-book of Inorganic Chemistry, 805 

Hoover, Theodore J. Concentrating Ores by Flotation, 6^3 

von Htibl, Arthur Frei- 

herrn Die Drcifarbenphotographie, 9^ 

Index, general, to Chemical Newsy 

Jaeger, F. M. Eine Anleitung zur ausfuhrung physikochem 

ischcr Messungen bei hdheren Tempera 
turen, 7 > h 

Jones, Lauder W. A Laboratory Outline of Orgcnic Chemistry. 9 > 

Kayser, H. Handbuch dcr Spectroscopic, Vol. VI, *77 



Name Index 


Sl2 


Knox, Joseph Elementary Chemical Theory and Calculations, 179 

Leiser, Richard Elektrische Doppelbrechung der Kohlenstoffver- 

bindungen, .179 

Eoeb, Jacques The Mechanistic Conception of Life, 268 

Loring, F. H. Studies in Valency, .... 803 

Main, W. Le Celluloid et ses Succ^dan^s, 564 

Makower, W., and H. 

Geiger, Practical Measurements in Radioactivity, 372 

Marie, Ch. Tables annuelles internationales, Vol. II, 806 

Martin, Geoffrey Triumphs and Wonders of Modern Chemistry, 363 

Mellor, J, W. Modern Inorganic Chemistry, 474 

Molinari, Ettore Treatise on General and Industrial Inorganic 

Chemistry, 558 

Moody, Herbert R. A College Text-book on Qualitative Analysis, . 371 

Mtiller, Erich Elektrochemisches Praktikum, 715 

Norris, James F. The Principles of Organic Chemistry, 280 

Ostwald, Wilhelm and 

Rudolf Goldscheid Annalen der Natur- und Kulturphilosophie, 806 

Ostwald, Wolfgang Die neuere Entwicklung der Kolloidchemie, . 479 

Ostwald, Wolfgang Grundriss der Kolloidchemie, . 559 

Perrin, Jean Ees A tomes 563 

Pope, F. G, Modern Research in Organic Chemistry, 714 

Ries, Chr Die elektrischen Eigenschaften und die Bedeu- 

tung des Selens fiir die Ilektrotcchnik, 802 

Sackur, Otto I^hrbuch der Thermochemie und Thermody- 

namik, . . 178 

Sauveur, Albert The Metallography of Iron and Steel, 275 

Senter, G. Outlines of Physical Chemistry, 479 

Sommerfeldt, E. Die Kristallgruppen nebst ihren Beziehungen 

zu den Raumgitterri, 480 

Stieglitz, Julius The Elements of Qualitative Chemical Analysis, 178 

Svedberg, The Die Existenz der Molekiile, 361 

Thorpe, Sir Edward Dictionary of Applied Chemistry, Vols. II, 

III, IV, 86, 709, 799 

Unger, M. S. H. Review Questions and Problems in Chemistry, 371 

Urbain, G. Introduction a I’fitude de la Spectrochimie, 636 

Urbain, G. Einfiihrung in die Spektrochemie, 716 

von Weimarn, P. P. Grundzuge der Dispersoidchemie, 478 

Wilson, F. J., and I. M. 

Heilbron, Chemical Theory and Calculations, 805 

Ziwet, Alexander and 

Peter Field Introduction to Analytical Mechanics, 371 

Zsigmondy, Richard Kolloidchemie, ' ... 560 
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Conductivity maxima in glycerine, ... 

Constitution, molecular, of the free surfaces of liquids, 

Copper, colloidal, the electrochemical production of, 

Copper ferrocyanide, new electric properties of a seraipermcable membrane 
of, ... 

Copper, rapid refining of, with a rotating cathode, 

Copper sulphate .solutions, concentration changes in the electrolysis of. 
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